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Abstract 
In this thesis, the background information on organocatalysis is introduced. A 
review regarding the methods for obtaining optical active product via asymmetric 
intramolecular Diels-Alder ( IMDA) reaction is presented. 
A series of chiral amine catalysts 54-59 bearing different aromatic groups 
were synthesized via simple and effective protocol from D-arabinose. The reaction 
sequence involves acetonation, imination, alkylation and hydrogenolysis. These 
catalysts were used in asymmetric IMDA reaction and their chiral induction and 
catalytic effectiveness were assessed. 
A series of hydroxylated dienals 110 and 115 derived from ethyl formate 94 
and ethyl glycolate 95 were synthesized via alkylation and cross metathesis. The 
symmetrical dienals were prepared as a precursor to construct optically active 
bicyclo[4. 4. 0]decane 123 and 125 through enantioselective organocatalyzed IMDA 
reaction util izing the prepared amine catalysts. Both amine 54 and 58 had good 
enantioselectivity (81-90%) but with poor chemical yields (11-16% yield) in 
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Metal-based enantioselective catalysis has been the dominating methodology 
over the last 50 years.^ Although it was known for a long time that small chiral 
organic molecules were able to promote different transformations in a stereoselective 
mannar," they were only treated as unique chemical reactions and little attention was 
received. There were only few examples in the literature util izing purely organic 
molecules to catalyze asymmetric reactions. “ It was not until two seminal works 
by List^ and Macmillan^ on catalysis by chiral secondary amines demonstrated the 
astonishing prospective of this approach and exponential attention was received. 
This approach offer alternatives towards the activation of substrates with 
complementary selectivities as compared to metal-catalyzed processes. This modern 
method is now known as organocatalysis.^ 
In contract to metal-based catalysis，organocatalysts are generally insensitive to 
moisture and oxygen, nontoxic, and stable. These properties allow most 
organocatalyzed reactions to be performed in air and in wet solvents. As a 
consequence, it does not require any special, expensive air and moisture-free 
experimental equipments and increases the reproducibility and operational simplicity. 
1 
Generally, there are two generic modes of activation consisting of typical 
reactive iminium ions or enamine intermediates which are formed by the reversible 
reaction of chiral amines as organocatalysts with carbonyl compounds/'^ The 
former activation is known as LUMO-lowering activation in which the electron 
density of the reaction center was decreased. Consequently, the energy of the 
lowest unoccupied molecular orbital (LUMO) of the system is effectively lowered 
and iminium ion facilitates nuceophilic addition including pericyclic reactions. The 
latter activation is known as HOMO-raising activation which corresponds to an 
increase in electron density at the reaction center. As a consequence, the energy of 
the highest occupied molecular orbital (HOMO) is raised (Scheme 1). Importantly, 
the chiral secondary amines not only catalyze the reaction, but the chiral information 
is also transferred to achieve asymmetric synthesis. 
〇 
i R R R、m'R 
R R R ^ ^ +H+ I more nucleophilic 
R 
more electrophilic 
Iminium ion Enamine 
Scheme 1 
Different excellent reviews on organocatalysis applying a variety of chemical 
6 8 , . transformation have been reported. ’ Two modes of activation could be effectively 
applied on a broad range of asymmetric chemical transformation, for example 
Diels-Alder reaction,5a，9’io aldol reaction，epoxidation,】' cyclopropanation, ^ “ enal 
hydrogenation,i3 Friedel-Crafts alkylation," Mannich reaction，Michael reaction, ^ ^ 
1,3-dipolar cycloaddition,^*^ domino reaction】6 and halogenatioiV?. Despite the large 
array of chemical transformations organocatalysis can achieve, only intramolecular 
2 
Diels-Alder reaction can deliver a bicyclic carbocylces in a single step among these 
asymmetric reactions. Therefore, this initiated our studies for constructing 
enantiomerically enriched bicyclic carbocycle via organocatalytic IMDA reaction. 
1.2 Diels-Alder reaction 
Since its discovery nearly 90 years ago,^^ the Diels-Alder reaction has become 
one of the most studied and the most versatile synthetic tools in synthetic chemists' 
arsenal. The discovery and the development of the Diels-Alder reaction were 
recognized by the award of the Nobel Prize in chemistry in 1950. Diels-Alder 
reaction is the [4+2] cycloaddition reaction of a diene and a dieneophile resulting in 
the cyclohexene framework. Moreover, Diels-Alder reaction was proposed to 
process via a concerted mechanism. The cycloaddition involving 4 % electrons from 
the diene and 2 % electrons from the dieneophile is thermally allowed with the 
description [兀4s + A ] . The four pz orbitals of the diene and the two pz orbitals of 
the dieneophile combine suprafadally, resulting in stereospecificity (Scheme 2). 
Concerted Mechanism 
o I I -
Scheme 2 
3 
1.4 Intramolecular Diels-Alder (IMDA) reaction 
Intramolecular Diels-Alder ( IMDA) reaction is the cylcoadditon reaction 
between diene and dieneophile within the same molecule which allows the creation 
of up to four carbon stereocenters in a single step.】9 It constitutes a powerful 
synthetic method for the preparation of polycyclic carbocycles of different ring 
system from relatively simple acyclic starting material. I M D A reaction can be 
divided into type 1 and type 2 depending on the position of attachment of the 
dienophile to the diene (Figure The Type 1 I M D A reaction involves triene 
with the dienophile attached from the terminus of the diene, furnishing the fused 
:x.4.0] bicyclic adduct upon cyclization. Comprehensive reviews show that the 
stereo- and regioselectivity of these reactions are highly dependent on the nature of 
the diene, dienophile and linking chain Type 1 I M D A reactions have been 
elegantly applied in the total syntheses of a variety of complex natural products.'^ 
i r e ? 
Fused bicyico [x.4.0] 
Type 1 IMDA 
Figure 1 
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1.3 Methods for obtaining optical active product 
Modern natural product synthesis has placed an added requirement for the 
organic chemists, i.e. the target molecule should be harvested in optically active form 
due to the different pharmacological response of the enantiomers. Chiral bicyclic 
ring systems are versatile intermediates/starting materials for making optically active 
pharamecuticals. Since resolution from a racemic mixture squanders 50% of the 
precious material prepared, methods for preparing these chiral substances efficiently 
from simple achiral alkenes are therefore important and of commercial value. 
There are several approaches used to prepare enantioenriched fused bicylco 
4.4.0] and [4.3.0] system. The most common type of substrate carrying one or 
more chiral centers in the acyclic I M D A precursor is used to relay to the newly 
formed stereogenic centers. Generally, however, these reactions are relatively 
l imiting as the stereocontrol element is not easily removed and the choice of starting 
material would be restricted. Nevertheless, it has the partial advantage i f the chiral 
element involved into the target molecule of interest. Dixon and coworkers 
synthesized toxin eqisetin 4 from (i?)-citronellol 1 via LiClC^ mediated IMDA 
reaction (Scheme 3). The a-methyl group, present in both 1 and 4，adopted 
pseudoequatorial position during the transition state thereby directing the 
22 
configurations of the four newly formed stereocenters in 3. 
5 
r n本 
steps 1JCIO4, Et20 
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H . steps H p 
H H 
3 eqisetin (4) 
Scheme 3 
Instead of using an enantiomerically pure starting material, a more accessible 
approach for acquiring enantiomerically enriched I M D A cycloadduct is the use of 
chiral auxiliaries which can be removed after the completion of the cyclization. 
Although one of the most utilized type of auxiliaries is the class of chiral acyl 
oxazolidinones，developed in the Evans group." These auxiliaries have shown high 
reactivities and diastereoselectivities, affording bicylo [4.4.0] decane 8 and [4.3.0] 
nonane 6 systems in I M D A reaction (Scheme 3)?^ 
6 
0 0 〇 o 
^ ^ A A Me2AICI J^J X >100:1 endo-.exo 
八o f i ^ . 、二 n A q 73% yield 
\ 丨 -30°C, CH2CI2 ~ 丨 90% de 
Bn、、 H ^ O 已rf、 
5 6 
^ ^ ^ ^ ^ ^ ^ ^ ^ 义 Me,AICI >50:1 endo.働 
V ^ ^ ^ ^ ^ ^ ^ ^ N 〇 \ \ U ^ 〇 88% yield 




Instead of using stioichiometric auxiliary, the same group later reported the 
catalytic version in which cationic C2-symmetric Cu(II) bis(oxazoline) complex 11 
catalyzed I M D A reaction effectively." Both unsubstituted and terminally 
substituted trienimide cyclized efficiently in the presence of I L affording [4.3.0] and 
'4.4.0] bicycles in good yields and with good enantioselectivities. However, 
unsubstituted bicyclo [4.4.0] bicycles 10c are still elusive using this catalysis method 
(Table 1, Entry 3). 
7 
Catll 从 义 。 • 乂 卞 
H、T ] y ^ N N - V 2SbF6 
^ MesC uu 匕 Meg 
11 • 
9a-d 10a-d 
Entry Trienimide n R catalyst (mol%) product % yield endo.exo % ee 
1 9a 1 H 10 10a 89 >99:1 86 
2 9b 1 Ph 5 10b 86 >95:5 92 
3 9c 2 H 10 10c / / / 
4 9d 2 Ph 10 10d 97 84:16 97 
Table 1 
At this stage, using enantiopure starting material and auxiliary was the still 
major trick in obtaining enantioenriched cycloadduct via I M D A reactions. 
However, two pioneer works on the organocatalytic I M D A reaction provided a 
synthetic avenue towards obtaining optically active bicyclic ring systems from 
achiral alkenes and allowed the synthetic chemists to devise viable routes to target 
pharmaceuticals. 
In 2000, the first organocatalytic enantioselective Diels-Alder reaction was 
reported by MacMi l lan? employing chiral secondary amine 12 as catalyst, on the 
basis LUMO-lowering activation via in situ iminium ion formation. This 
conceptual work actually borrowed the idea from the Lewis acid lowering of LUMO 
energy of 7c-system and its kinetic lability, which simulates the formation of an 
iminium ion. Condensation of a,p-unsaturated aldehyde 13 with organocatalyst 
would lead to the formation of iminium ion 14 that serves as an electron deficient 
diene to engage olefin 15. Accordingly, iminium ion 14 lost the stability of 
conjugated system and would release enantiomerically enriched cycloaddduct 17 and 
8 
organocatalyst 12 upon hydrolysis. Consequently, organocatalyst was liberated 
upon hydrolysis and regenerated in the catalytic cycle (Scheme 4). 
CH〇 
\ Chiral organocatalyst / dienophile 
y X 









The same group later published the intramolecular version of the reaction using 
their second generation chiral amine catalyst 19.^ This proved to be effective in the 
cyclization of a range of trienals using imidazolidinones 18a-c and 19a-c in good 
yields and with excellent enantioselectivities (Table 2). These Diels-Alder 
9 
cycloadducts 31 were elaborated into natural products solanapyrone D^ and a 
telomerase inhibitor UCS1025A^^ (Scheme 5). Through this mechanism, the 
LOMO-lowering activation of a,p-unsaturated carbonyls via the reversible formation 
of iminium ions provides a valuable platform for enantioselective catalysis. 
^ f C H C catalyst 18 or 19 R 
〇 Me O Me 
/Me cocatalysts = 
/ N Me ^ H - ^ ^ M e a - TFA 
r V n “ 二 
^ V J c : HCIO4 
18 19 
Entry Trienal catalyst® product % yield endo.exo % ee 
- - ^ 
f'^^^-^CHO 18a ^^^^p^Ph 84 >201 77 
k ^ ^ ^ ^ ^ P h 19a ( J ^ 85 >20:1 93 
H 
20 21 
2 H 严 | Z 
f^^^^CHO 18a 47 4:1 87 
19a 75 >20:1 94 
22 H 23 
3 , H广丄 
r'^ '^^ ^^^CHO 18 <10 / / 
V - ^ k ^ <10 丨 
24 H 25 
4 , , CHO 
Me? 〜 
X^^^OUO 18b 76 1:>20 94 
W A ^ P h 19C C I j 7。 1:2.5 97 
26 H 27 
H ？HO 
‘ r ^ C H O 18 r f V ' <10 / / 
\ 19c 70 >20:1 92 
H 
^ ^ 




I I O ^ V ^ H 
^ ^ 20 mol%19 1 丫 H steps 1 丫 H ^Me 
Me MeCN, 5。C H、、‘ H、、. 
71% ^ ^ ^ ^ 
>20:1 dr, 90% ee 
30 31 solanapyrone D (32) 
Scheme 5 
In contract to LUMO-lowering activation, the first discovery o f electron rich 
dienamine was observed by Jorgensen and coworkers in their y-amination work?? 
With this mind, the dienamine can served as an electron rich diene on the basis 
HOMO-raising activation in Diels-Alder reaction. Trapping of dienamine 33 was 
possible by reacting maleimide 34 to afford cycloadduct 35 (Scheme 6). However, 
it is incapable o f eliminating the catalyst 36d and therefore the catalytic cycle turns 




C X c " � O ^ A r 
N rOTMS o N I^OTMS 
J " ^ K A " 
MeN I 
S k V 
Me O Me 
33 35 
O ^ A r 





Inspired by Jorgensen's seminal work on aminocatalysis, the organocatalytic 
I M D A reactions of dienals to provide bicyclic ring systems were addressed by 
98 9Q 
Hong- and by Christmann." Bicyclo [4.4.0] decane and [4.3.0] nonane systems 
were accessed in good yields and enantioselectivities (Scheme 7). Secondary 
amines，proline and diary 1 prolinol silyl ethers 36a-d, were used in the studies. 
However, bicyclo [5.4.0] undecanes are still elusive using this method (Table 3, 
Entry 3). The authors speculated that increasing bulk in the diarylsilyoxy moiety of 
organocatalyst 36 lowers the reaction rate yet, at the moment, the correlation between 
the p k a value of co-acid catalyst and the reaction rate is not ful ly understood. 
12 
r x , 
N R HO. 
H ^ H 
36 10mol% 
BzOH then NaBH- W ^ v J ^ ) 。 
n H 
n = 0, 37 n = 0, 39 
n = 1, 38 n = 1, 40 
/ " A 
1 / 36 \ n = 0, 37 
J \ n = 1 , 3 8 
^ ~ 巧 V - ~ ^ H2O 
R n R 
r < 
H V z 
42 41 
F3C 沙 沙 
N >〇TBS N p O T M S N p O T M S N p O T M S 
36a 36b 36c 36d 
Scheme 7 
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Entry dienal product % yield % ee 
^ 
H 
{ J ^ 60 94 
37 3H9 
2 广 







4 , , .OH Me r 
/ ^ - - ^ C H O / H ^ a 




M e v H ^ 73 b 98 
49 H 
^ 
^2:1 mixture of regioisomers. ^4:1 mixture of regioisomers. 
Table 3 
Nowadays, the organocatalysis is no longer considered as a unique example of 
chemical transformation, it is recognized as an interconnected field of catalysis 
instead. In contrast to chiral auxiliary, the current organocatalytic methodology 
allows direct access to aldehyde functionalities without the necessary removal of 
auxiliary after cyclization. Furthermore, the amine-catalyzed enantioselective 
IMDA reactions of dienals with functional group(s) along the carbon skeleton have 
not been reported, nor the IMDA reactions with concomitant desymmetrization were 
addressed. As a consequence, this initiated our interest to develop a secondary 
chiral amine catalyst and develop different variant of enantioselective 
organocatalytic IMDA reactions. 
14 
Chapter 2 
Results and Discussion 
2.1 Organocatalyts derived from D-arabinose 
The objective of this project is to search for an efficient catalyst to induce 
chirality with high enantiomeric excess (ee) in asymmetric Diels-Alder reaction. 
The abundance of D-arabinose in the chiral pool and its commercial availability in 
large quantities for both enantiomers has made it the first choice for our studies. 
Existing chiral amines were prepared from L-proline (for pyrrolidine type 
catalysts) or L-phenylalanine (for MacMillan's imidazolidinone catalysts). 
Modification of MacMillan's catalysts could not be performed on the phenyl group 
of the amino acid whereas modification of proline was possible on the acid 
functionality and afforded a series of diary 1 prolinol derivatives (e.g., 36a-d). 
However, reactions catalyzed by diary 1 prolinols could be sluggish due to the bulky 
diary 1 substituents and the corresponding mono-aryl prolinol derivatives are not 
readily accessible (Figure 6). On the other hand, I M D A reactions involving dienes 
with an unsubstituted terminal alkene moiety have so far been unsuccessful with 
MacMillan's imidazolidinone catalysts.^ 
15 
MacMillan's catalyst 
O. Me O Me 0、 Me 
V N V N V N ' m CO2H 
M? r S Ph r^uWue 产 NH2 
6 6 0 
18 51 19 L-phenylalanine (52) 
L-proline derived catalyst 
r x P c x p c x P o ^ c F — o . 
Y 卞 T B S 、N 卞 丁 MS 、 N ^ ^ S 、 N ^ ^ S ^ 、 广 ⑵ 2H 
36a 36b 36c 36d L-proline (53) 
Figure 6 
The objective of this project is to prepare chiral pyrrolidines with a mono-aryl 
group that would complement diary 1 prolinol-catalysis as well as 
imidazolidinone-catalysis. The electron-demand of the aryl groups could be 
controlled using a different substituent on the phenyl ring. Thus the retro-synthetic 
analysis of amine catalyst reveals that the chiral pyrrolidines 54-59 would be 
constructed from lactol 60 via various Grignard reactions and lactol 60 would be 
prepared from D-arabinose 61 (Scheme 7). 
H 
b 6 b ^ ^ h o 、 、 S ^ 〇 h 
A A OH 
54’ R = benzyl 60 D -Arab inose (61) 
55, R = p-Me-benzyl 
56, R = p-OMe-benzyl 
57’ R = p-Ci-benzyl 
58，R = 2-naphthylmethyI 
59, R = biphenylmethyl 
Scheme 14 
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The hydroxyl groups at C-3,4 of D-arabinose 61 were selectivity protected with 
an isopropylidene group by kinetic acetonation to generate 3,4-0-isopropylidene 
D-arabinopyranose 62. Without purification, the resulting glycol cleavage of the 
1,2-diol unit followed by basic hydrolysis afforded 2,3-(9-isopropylidene-D-erythrose 
60 with 60% overall yield in 3 steps (Scheme 8). 
Me〇\ OMe 
广〇丫〇H 入 ， / O OH 1.Nal〇4 O OH 
H O - ^ - ^ O H P - T s O H ^ o 、 、 . U o H : K2CO3, MeOH ‘ Q ^ 
OH 
D - a r a b i n o s e (61) 62 60 
60% from 61 
with 3 steps 
Scheme 8 
Initially, in order to introduce different mono-aryl groups, lactol 60 was 
planned to react with different benzylic Grignard reagents. Disappointingly, the 
Grignard addition of lactol 60 with benzyl magnesium bromide not only furnished 
the two diastereomers diol 63 and 65, but the rearrangement product 64 was also 
observed (Scheme 9). Different Grignard reactions were also attempted by the use 
of additive of L iC l and ZnCb reported by Ishihara^*^ and Knochel^^ respectively in a 
hope to solve the rearrangement problem (Table 4，Entries 2 and 3). However, all 
failed to suppress the formation of the rearrangement product 64. Furthermore, the 
Rf values of diols 63 and 64 are very close to each other while diols 64 and 65 are 
inseparable by flash chromatography. Thus, it is very diff icult to obtain the pure 
and desired diol 63 from lactol 60 using Grignard addition. 
17 
从 OH OH OH OH 广丨 Y^UH conditions 丨 I 丨 ： 、 I 
V_y 
a ^ 父 父 U 父 
60 63 64 65 
Scheme 9 
Table 4 Organzinc and Grignard addition of lactol 60 
Entry Reagent Temp. Reaction time Yield % 
Solvent 
63 64 65 
1 BnMgBr THF -78 "C to rt 24 h 31 19 4 
2 BnMgCl, THF 0 24 h 27 17 / 
10mol% ZnCl2 
3 BnZnCl-L iCl THF rt 1 h 35 20 / 
By the chelation between the carbonyl oxygen and the 4-hydroxyl group 
(1,4-chelation), a seven-membered cyclic intermediate with the bulky isopropylidene 
ring on the a-face would be formed (Figure 6). The benzyl group therefore 
preferably attacked the carbonyl carbon from the less hindered y^-face to give the 
desired diol 63 as the major product. 
18 
OH r ^ ^ 
MgBr h 
Z \ (3-attacl^ 入 
9 9 63 (major) 
S — r ^ H OH ^ 
O j ^ O a-attack h O " " ^ 
65 (minor) 
Figure 6 
With diol 63 in hand, it was subjected to dimesylation to yield the dimesylate 
66 in a good yield and followed by intermolecular amination to give tertiary amine 
67 with 62% yield. Hydrogenolysis of tertiary amine 67 with 10% Pd-on-charcoal 
in terr-butanol/water mixture gave amine 54 in a good yield (Scheme 10). 
r i 
r 1 r - ^ 
OH OMs r ^ N 
H O - V - A - ^ M 烟 3N M S O - v A ^ BnNH2 O ' ^ ^ V ^ 
0 0 CH2CI2, 0 ° c 0 0 100°C, 2 0 h 6 ^ 0 ^ ^ 
入 4 h, 93% L 入 � 6 2 % 入 
63 66 67 
H 
f -Bu0H/H20{v/v=5 : 1 ) 5 '0 
rt, 24 h, 91% 入 
54 
Scheme 10 
On the other hand, the mixture of diols 64 and 65 was also subjected to the 
similar synthetic sequence, affording amines 68 and 69 with low yields. From the 
19 
^H NMR spectra of amine 70’ it was found that the there is no coupling between H^ 
and HC showing that both of them are trans disposed to each other (Figure 7). 
Moreover, amine 70 was further identified by comparing the spectroscopic data of its 
enantiomer in the literature. 一 
n n 
n n nw 1)MsCl, EtgN 1 「 
r 丄 ？ n CHpCIs, 1 h / N i J N 
U C ^ 2 )=2 ,12h ^ C ^ U 
64 65 68 69 
15% 32% 
X ) 




Hf / \ H H e l ^ H a ^ H ^ - ^ H C ^ H ^ 
y G 13.3 Hz 8.0 Hz Hz 
Hf Hd 
70 
Figure 7 H^ NMR Analysis of 70 
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From the 'H NMR spectra of rearrangement product-derived amine 68, there is 
a moderate coupling between H and H" showing that both of them are cis disposed 
to each other (Scheme 11). More importantly, from ^^C DEPT spectra, there are 
three quaternary carbons in down field region and three methine groups in up field 
region showing that amine 68 was consistent with rearrangement product diol 64 
arising from Grignard reaction in Scheme 9. 
In the literature,33，34 there is still no convincing generalization towards factors 
governing the "abnormal" reactions of benzyl Grignard reagent. However, in 
Siegel work,35 the percentage of rearrangement products increased with the 
electrophilic power of the aldehyde. It was suggested that formaldehyde only 
yielded rearrangement products, other aldehydes mixture of normal and 
rearrangement and ketones only normal products (Scheme 12). In the view of this 
trend, it could be concluded that the formation of rearrangement product depended 
on the substrates instead of the benzyl Grignard reagent itself. 
21 
Me 
j BnMqX r ^ ' W ^ O H j r ^ ^ ^ V ^ Y ^ ^ ^ 
H H 丨 R ； 
sole product ； not observed ； 
Me R 
义 BnMgX r ^ W ^ O H + 
R H + L ^ OH 
mixture of product 
： Me OH ； 
1 BnM9>i : r V f R i 
R ^ R U R R 丨 U i 
sole product :、not observed ； 
Scheme 12 
Since benzylic substituent group was needed to construct the catalyst skeleton 
for inducing charilty, the use of benzyl Grignard reagent could not be abandoned. 
Therefore, it would be worthwhile to change the nature of the electrophile instead of 
the nucleophile in the Grignard addition. 
Fortunately, an alternative synthetic route was found without any 
rearrangement product once the key intermediate was changed from lactol 60 to 
hemiaminal 71. The condensation of lactol 60 with benzylamine was achieved 
utilizing the dehydrating agent molecular sieves in excellent yield even in gram scale 
(Scheme 13). However, hemiaminal 71 would undergo rapid hydrolysis to give 
back lactol 60 by TLC stability test; thus, purification must be performed by using 
triethylamine-treated silica gel flash chromatography. 
22 
( ^ O H B n N H 2 , 3 A M S ^ N H B n 
d / b CH2CI2, rt, 24h (3" b 
X 96% ^ X 
60 7 1 
Scheme 13 
Stereospecific addition of different Grignard reagents and organozinc reagents () 
on TV-benzyl imine 71 furnished desired amines 72-77 and the results are summarized 
in Table 5. It was found that the Grignard addition of imine did not proceed at low 
temperature and only the starting material was recovered, while amine 72 was easily 
obtained upon increasing the temperature (Table 5, Entries 1 and 2). Interestingly, 
no rearrangement product was found in all cases. Disappointingly, the benzylic 
zinc reagents generated by using magnesium in the presence of L iCl were tried 
(Table 5, Entries 5, 7 and 9) but there were no dramatic improvements towards the 
yields. However, it should be noted that this method can be applied to 
regioselectively generate polyfunctional benzylic zinc reagents bearing sensitive 
1 
functional group (Scheme 14). In contract to conventional Grignard reagent, this 
might provide a more accessible platform to modify the catalyst functionality. 
Mg (2.5 equiv) 厂 _ 旧 1 ^ZnCI LiCI ^ E 
厂 LiCI (1.25 equiv) 厂 ZnCl2 (1.1 equiv) 厂 E+ 厂 
r ^ F G THF. 0-25°C f ^ F G f ^ F G f ^ F G 
15min-2h L ^ ^ 」 ^ ^ ^ ^ 





广 V ^ N H B n � ‘ • ： 
L V conditions ^ 
71 72, R = benzyl 
73, R = p-Me-benzyl 
74, R = p-OMe-benzyl 
75, R = p-CI-benzyl 
76，R = 2-naphthylmethyI 
77, R = biphenylmethyl 
Table 5. Grignard addition of imiiie 71 
Entry Reagent Temp Reaction Time Yield % Product 
1 BnMgBr -78 tor t 36 h N IL ' 72 
2 BnMgBr -20 tor t 13 h 58 72 
3 ;?-Me-BnMgCl -20 tor t 17 h 50 73 
4 ；?-OMe-BnMgCl -20 tor t 17 h 26 74 
5 ；7-OMe-BnZnCl-LiCl -20 to rt 13 h 26 74 
6 ；?-Cl-BnMgCl -20 °C to rt 24 h 46 75 
7 ;7-Cl-BnZnCl.LiCl -20 to rt 18 h 52 75 
8 -20 °C tor t 24 h 65 76 
9 j"^^|^ZnB「 ’UCI .20 tor t 24 h 73 77 
L _ _ _ _ j 
a Only recovery of starting material. 
For the a-chelation model, where the metal center is chelated with the oxygen 
functionality on the a carbon�the p attack is more favorable to give amine 72-77 due 
to steric hindrance of the isopropylidene ring (Figure 8). It should be noted that 
such a stereospecific addition on imine not only provided the desired stereochemistry, 
but also a more accessible and simple approach to introduce the mono-aryl group on 
the catalyst without any rearrangement problem. 
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Figure 8 
The primary alcohol of amine 72-77 was then subjected to mesylation and 
subsequently underwent facile intramolecular substitution reaction even at 0°C to 
give tertiary amine 67, 84-88 in generally good yields (Scheme 14). Since the 
reaction did not proceed well at concentrated solution and could not complete at 
diluted condition (Table 6, Entries 1 and 3), the concentration of the substrate 
reaction was then optimized to be 0.075 M. Tertiary amine 67 synthesized from this 
method was in accord with the pervious work (Scheme 10). 
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NHBn NHBn gn 
MsCI,Et3N— M s O ^ V ^ R ^ P " ^ ' 
6 ^ 0 CH2CI2, o。c 6 ^ 0 6 ^ 0 
入 1h L 入 J 入 
72, R = benzyl 78, R = benzyl 67, R = benzyl 
73, R = p-Me-benzyl 79, R = p-Me-benzyl 84, R = p-Me-benzyl 
74, R = p-〇Me-benzyl 80, R = p-OMe-benzyl 85, R = p-OMe-benzyl 
75, R = p-CI-benzyl 81, R = p-CI-benzyl 86, R = p-CI-benzyl 
76, R = 2-naphthylmethyl 82, R = 2-naphthylmethyl 87, R = 2naphthylmethyl 
77, R = biphenylmethyl 83, R = biphenylmethyl 88，R = biphenylmethy 
Scheme 14 
Table 6. Intramolecular Substitution reaction of amine 67, 84-88 
Entry Starting Material Concentration/M Reaction Time Yield % Product 
1 72 0.10 12 h 77 67 
2 72 0.075 1 h 82 67 
3 72 0.04 24 h 68' 67 
4 73 0.075 1.5 h 85 84 
5 74 0.075 1 h 83 85 
6 75 0.075 1.5 h 90 86 
7 76 0.075 1 h 98 87 
8 77 0.075 1 h 88 88 
^Based on recovery of starting material 
Finally, the iV-benzyl group of amines was deprotected by hydrogenolysis in the 
presence of 10% Pd-on-charcoal to give the chiral amines 53, 54, 55, 57 and 58 in 
good yields (Scheme 15). However, dehalogenation was also observed during the 
hydrogenolysis of 86 using 10% Pd-on-charcoal and 10% Pd(OH)2-on-charcoal� 
amine 54 instead of the desired amine 57 was obtained (Tab le 6, En t r ies 4 and 5). 
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Bn H 
0 . ‘ 、 R Pd/C, H2 0 ,、R 
c3 b f-Bu0H/H20(v:v=5:1) (5 b 
X rt X 
67, R = benzyl 54, R = benzyl 
84, R = p-Me-benzyl 55, R = p-Me-benzyl 
85, R = p-OMe-benzyl 56, R = p-OMe-benzyl 
86, R = p-a-benzy l 57, R = p-Cl-benzyl 
87，R = 2-naphthylmethyl 58’ R = 2-naphthylmethyl 
88，R = biphenylmethy 59, R = biphenylmethy 
Scheme 15 
Table 6. Hydrogenolysis of amine 67, 84-88 
Entry Starting Material Reaction Time Yield % Product 
1 67 48 h 91 54 
2 84 24 h 97 55 
3 85 12 h 88 56 
4 86 1.5 h 92 54 
5 ' 86 1 h 75 54 
6 87 48 h 97 58 
7 88 72 h 88 59 
'10% Pd(OH)2/C was used instead of 10% Pd/C. 
Therefore, an alternative selective A^-debenzylation of tertiary amine^^ was 
achieved by employing a-chloroethyl chloroformate to afford intermediate carbamate 
89, followed by refluxing the residue in methanol to regenerate amine 57 in 32 % 
overall yield in two steps(Scheme 16). 
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86 89 57 
32% overall yield 
from 86 
Scheme 16 
The amines 54-59 bearing different aromatic substitute groups were 
successfully synthesized from D-arabinose 61 in seven steps. 
2.2 Synthesis of Intramolecular Diels-Alder Reaction Substrates 
The symmetrical dienals 90 and 91 should be readily accessible from 
commercially available esters 94 and 95 involving known Grignard reactions and 
Witting homologation followed by mild acid hydrolysis (Scheme 17). 
^ 少 o 
v 〇 
〜 o O 
90, R = H 92, R = H 94’ R = H 
91, R = CHzOBn 93, R = CH2〇Bn 95, R = CH2OH 
Scheme 17 
Ethyl glycolate 95 was first protected by benzyl ether to give ester 96 in an 
excellent yield. Barbier type Grignard reaction furnished tertiary alcohol 97 in an 
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excellent yield which was subsequently protected by TBSOTf to give sily ether 93 in 
78% yield (Scheme 18). 
9 BnBr, Ag^O 9 Mg, H O ^ 
H O ^ O E t MeCN,rt.4d ' " ^ ^ O E t t h f ’ rt, 1 d ， 9 5 % ^ 
95% y - o 
o j 
95 96 97 
TBSOTf, NEta T B S C ^ ^ ^ ^ 
CH2CI2, 0°C to rt BnO _ . 
21 h, 78% f - O 
93 
Scheme 18 
Both free alcohol 97 and silyl ether 93 were subjected to acid hydrolysis 
followed by Wittig reaction (Table 19). However, the Witt ig reaction only leads to 
the decomposition of starting material and no desired olefination was achieved. 
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^ ^ o , � 
p / > 。 
/ — ‘ 1. 80% acetic acid / 
y - O 2. Br 巳门〇 
Conditions V r 
97，R= H 98, R= H 
93, R = T B S 99, R= TBS 
Table 19 
Entry R Coditions Result 
1 H /-BuOK, THF, 0°C to rt decomposed 
2 H n-BuLi, THF, -78°C to rt decomposed 
3 TBS r-BuOK, THF, 0°C to rt decomposed 
The unsatisfactory results obtained with diacetal 93 and 97 in the Wittig 
reaction caused us to explore a milder synthetic route to obtain symmetric dienal. 
Undoubtedly, dienal could be synthesized via a dull reaction sequence involving 
Wittig reaction, reduction of a,p-unsaturated ester and allylic oxidation (Scheme 
19).— However, it would not be a facile and efficient entry towards the expansion 
of our dienal substrate scope. 
Scheme 19 
According by Blechert's work, it was reported that second generation Grubbs 
catalyst was used to bisfunctionalize cycloheptene affording the dienal in good yields 
(Equation 1 It was reasoned that the cycloheptene framework 104 is synthetic 
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equivalence to the monoallylic alcohol mimics 105 via ring closing metathesis (RCM) 
in the presence of Grubbs catalyst (Scheme 21). On the other hand, 105 could be 
easily prepared from Barbier type Grignard addition of ester. Therefore, it was 
possible to synthesize the symmetric dienal 90 and 91 with functional group by the 
use of highly efficient ring opening-cross metathesis (ROM-CM) strategy or simple 
cross metathesis with a,p-unsaturated aldehyde (Scheme 22). 
八 5 mol % Grubbs 11 
CH2CI2, reflux 
7CO/ 
100 101 102 
Equation 1 
OR' OR' OR' 
Ci—人， 
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94, R = H 




104 \ / 104 ^^ A 
RCM [ R u ] = ROM-CM I 
7\| J 仅 -




Barbier type Grignard reaction of ethyl formate 94 furnished homoallylic 
o o 
alcohol 106 in 84% yield. Subsequently alcohol 106 was subjected to cross 
metathesis with crotonaldehyde in the presence of 5 mol% second generation Grubbs 
catalyst. The ^H NMR spectra of dienal 108 showed two sets of proton resonance 
at down field region (5 9.49 and 9.78 ppm) and distinctive alkene proton suggesting a 
a,p-unsaturated aldehyde (5 6.1-6.9 ppm) structure. It was reasoned that the 
hydroxylated dienal 107 underwent spontaneously intramolecular 1,4-Michael 
O Q 
addition after the cross metathesis. In Baldwin's terminology, the S-Exo-Tet 
intramolecular 1,4-Michael addition is allowed and explained the proposed structure. 
Nevertheless, the aldehyde 108 isolated was found to be unstable upon prolonged 
standing at room temperature under inert atmosphere, thus no further analysis was 
performed on confirming the absolute structure of 108 (Scheme 23). 
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As a consequence, it is necessary to protect the hydroxy! group of 106 before 
the cross metathesis. The protection of alcohol 106 by TBSCl in DMF furnished 
sily ether 109 in an excellent yield. Cross metathesis of sily ether 110 with 
crotonaldehyde catalyzed by a trace amount (0.5 mol%) of the second generation 
Grubbs catalyst afforded exclusively trans product 110 in 80% yield (Scheme 24). 
The large coupling constant、J= 15.6 Hz) of the two alkene signals (5 6.12 and 6.86 
ppm) in ^H NMR confirmed that a rm775-alkene was formed. 
TBSCl, Im ？丁BS 5 mol% Grubbs II 
^ M ^ i ^ 。 CH2CI2, reflux, 24h, 80% 
106 109 
OTBS 76% overall yield 





Followed by the same reaction sequence, ester 96 was subjected to Barbier type 
Grignard reaction affording tertiary alcohol 111 in good yield. The tertiary alcohol 
111 was attempted to be protected by T B S O T f � b u t failed to give the desired silyl 
ether 112 due to steric hindrance (Scheme 25). 
o Mg ？H TBSOTf, NEta ？丁BS 
B n O ^ ^ B n O ^ ^ z / ^ / ^ ^ ^ X B n O . J v ^ ^ ^ ' x ^ 
U t t T H F , rt, 24 h ( CH2CI2, 0。C tor t ( 
95% \ 〉 
\ \ \ \ 
96 111 112 
Scheme 25 
Since the diff iculty encountered during the protection of tertiary alcohol 111, 
tertiary alcohol was proposed to be protected in association with the adjacent primary 
alcohol instead of individually. First, the ester 95 was reacted directly with 
Grignard reagent without protection of primary alcohol, followed by acetonation of 
113 in acidic medium to afford diene 114 with 50% overall yield in two steps. 
Diene 114 then reacted with crotonaldehyde in the presence o f second generation 
Grubbs catalyst to give rra/75-a,y5-unsaturated aldehyde 115 in 50% yield (Scheme 
26). The large coupling constant { J = 15.6 Hz) of the two alkene signals (5 6.14 and 
6.86 ppm) in ^H N M R also confirmed that a trans-?^kQx\Q was formed. 
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The substrate dienal 110 and 115 was successfully synthesized from ester 94 
and 95 with 63 % and 27% overall yields respectively in three steps via ROM-CM 
strategy. 
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2.3 Organocatalytic Enantioselective IMDA Reaction 
Optically active bicyclic ring systems, e.g. bicyclo [4.4.0] decane and [4.3.0] 
nonane systems are valuable synthetic starting materials/intermediates for the 
synthesis of natural products or compounds of pharmaceutical interests. 
Towards this end, the prepared amines as efficient chiral catalysts were used in 
enantioselective I M D A reactions of dienals with concomitant desymmetrization. 
With the chiral amines 54-59 in hand, catalytic and enantioselective IMDA 
reactions of dienal 116 containing a functional group would be investigated. The 
resulting bicyclic aldehydes 117 would be reduced to stable alcohols 118 which 
would be subjected to configurational and ee determination. It would be interesting 
to see the configurational outcome of the alcohol and how the amines affect the 
desymmertrization (Scheme 27). 
〇 、 H〇 
H H 
catalyst 53-58 NaBH*, EtOH 
n /OR ' /OR- I LOR ' 
R H R H R 
116 117 118 
Scheme 27 
Vinylogous enamine activated IMDA reactions are assumed and the proposed 
catalytic cycle is illustrated in Figure 9 using hydroxylated dienal 110 and chiral 
amine 54 as an example. Amine 54 would condense with an aldehyde function in 
110 to form enamine 119 {via a trans-trans iminium ion) with the carbon chain 
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pointing away from the bulky benzyl group (steric control with minimum repulsive 
interaction). 
。 ’ H 乂 ^^^^^ y ? ^ 
121 \ H , ” 0 
7 54 N / 
^ ^ - ^ " m e s c v l s ^ ^ v j 、 丁 Bs 
120 119 
Figure 9 
It was proposed that the enamine conformation 119 with the illustrated a-sily 
ether group would undergo a more facile [4+2] cycloaddition. The 7i-system of the 
enamine is relatively open at the a-face and thus is ready for e77Jo-approach of the 
enal moiety from the buttom face by the steric control. The cycloadduct 120 would 
undergo p-elimination to form a thermodynamically stable dienal system 121 and to 
regenerate the catalyst 54. It is reasonable to rationalize that the amine catalyst 
would assist this elimination via the formation of an iminium ion with the remining 
aldehyde group either before or after the IMDA reaction. 
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Since preponderant ewJo-cycloaddtion was demonstrated in the preliminary 
study, the formation of bicycle 120 (with the stereochemistry o f the -OTBS group 
indicated) is predicted on the basis of a pseudo chair-like transition state (TS) 122 
with the hydroxyl function occupying the pseudo-equatorial position (Figure 10). It 
was reasoned that TS 122 is more stable than the corresponding e/7(5fo-axial-OH TS, 
thus sily ether 110 would be more equatorial selective. 
「 A n本 Ph r~\ 
r ^ l H \、,..V 
— T B S � ^ ^ 
L KxJ H 
endo-equatorial-OTBS 122 120 
Figure 10 
The chiral amine catalyzed IMDA reactions of dienals 110 and 115 were 
investigated and desymmetrization was analyzed. A l l the new chiral amines 54-59 
would be tested for best chiral induction together with temperature/solvent/co-acid 
catalyst screening (Scheme 28). 
Organocatalyzed IMDA reaction of dienal 110 was carried out and the results 
are summarized as Table 7. It was found that the reaction could be carried out in a 
variety of solvents with comparable results (Table 7, Entries 1-6). However, the use 
of protic solvents or strong acids only leads to decomposition instead of cyclization 
(Table 7, Entries 7, 13 and 14). 
Accordingly, the acid must be involved in the intricate 
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enamine-iminium-dienamine equilibrium, but it may also play a role in the activation 
of dienophile. The data indicate a strong but not yet understood correlation 
between the pka and reaction rate. On screening the co-acid catalyst, 0-NO2-BZOH 
is preferred over p-N02-Bz0H, despite p -N02-Bz0H achieved a slightly faster 
reaction rate (Table 7, Entries 8-14). 
The substrate could be consumed easily and underwent the cyclization at room 
temperature but the reaction did not process at 0°C even after standing for 3 days. 
Thus it was reasonable to rationalize that y-fiinctionalization of a,p—unsaturated 
aldehydes need to take place at room temperature (Table 7, entries 10 and 11). 
The enantioselectivities of the cycloadduct derivatives 123 were generally 
moderate to good, the aromatic ring was thus demonstrated to be a good steric 
blocker to induce high degree of enantioselectivity in aymmetric IMDA reaction. 
Amine 54 and 58 displayed the best chiral induction (90%) among amines, but the 
chemical yields are poor (Table 7, Entries 12 and 18). The low yields may 
contribute to the instability of the substrate dienal. 
o ^ HO 
n H H 
20 mol% 54-59 NaBhU, EtOH 
co-acid catalyst ^ 
H H 
110 121 123 
Scheme 28 
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Table 7. Organocatalytic Intramolecular Diels-AIder Reaction of dienal 110 
Entry a Catalyst Acid Solvent Temp Reaction Yield Ee 
Time { % f (%)。 
1 54 BzOH CH2CI2 rt 36 h 12 84 
2 54 BzOH CHCI3 rt 36 h 12 87 
3 54 BzOH toluene rt 60 h 15 85 
4 54 BzOH benzene rt 60 h 15 86 
5 54 BzOH THF rt 60 h N I L ' / 
6 54 BzOH DMF rt 240 h 6 73 
7 54 BzOH MeOH rt 12 h N i l / / 
8 54 AcOH CHCI3 rt 36 h 9 88 
9 5 4 ；7-C1-BZOH CHCI3 rt 3 6 h 12 87 
10 54 广 NO2-BZOH CHCb rt 8 h 19 86 
11 54 P - N O 2 - B Z O H CHCI3 0 ° C 3 d N I L ' / 
12 54 o-NOs-BzOH CHCI3 rt 20 h 11 90 
13 54 TFA CHCI3 rt 18 h Nil/ / 
14 54 T f O H CHCI3 rt 7 h N i l / / 
15 55 0-NO2-BZOH CHCI3 rt 20 h 13 87 
16 56 o-NOs-BzOH CHCI3 rt 20 h 9 88 
17 57 0-NO2-BZOH CHCI3 rt 20 h 12 87 
1 
18 58 o-NOs-BzOH CHCI3 rt 16 h 9 90 
19 59 0-NO2-BZOH CHCI3 rt 21 h 10 86 
a All IMDA reaction were carried out in O.IM. ^ Isolated yield, 
c Enantioselectivity was determined by HPLC using Chiralcel OD-H column. 
®No reaction and recovery of starting material. ^Decomposition of starting material. 
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Organocatalyzed I M D A reaction of Dienal 115 was carried out and the results 
are summarized as Table 8. Interestingly, amine 54 and 58 also displayed the best 
enantioselectivity (82 and 81 %) among amines (Table 8, Entries 1 and 5), the results 
are consistent with the previous results (Table 7, Entries 12 and 18). 
The proposed stereochemistry of dienol 1 2 3 and 1 2 5 are showed as Scheme 28 
and 29 respectively, it requires further confirmation of absolute stereochemistry by 
X-ray crystallography. 
〇 HO 
0 H H 
O 20 mol% 54-59 NaBH4, EtOH 
co-acid catalyst rt 
^ O H ' ' - O H : \ 〇 / N 
115 124 125 
Scheme 29 
Table 8. Organocatalytic Intramolecular Die Is-Alder Reaction of dienal 115 
Entry ^ Catalyst Acid Solvent Temp Reaction Yield Ee 
Time (%广 （％)。 
1 54 0-N02-Bz0H CHCls rt 9 h 16 82 
2 55 0-NO2-BZOH CHCI3 rt 16 h 20 80 
3 56 0-NO2-BZOH CHCI3 rt 8 h 17 77 
4 57 0-NO2-BZOH CHCI3 rt 8 h 18 78 
5 58 o-NOs-BzOH CHCI3 rt 9 h 15 81 
6 59 0-NO2-BZOH CHCI3 rt 9 h 16 77 
a All IMDA reaction were carried out in 0. IM. b isolated yield, 
e Enantioselectivity was determined by HPLC using Chiral eel OD-H column. 
41 
Despite the low yields obtained from the I M D A reactions for constructing the 
[4.4.0] framework, the extraordinary potential of the new pyrrolidine catalysts 54-59 
should not be dismissed. The pyrrolidine catalysts are not only applicable to IMDA 





The six amine catalysts bearing different aromatic groups were successfully 
synthesized in 4 steps from the common intermediate 60 which was prepared from 
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Hydroxylated dienals 110 and 115 were easily synthesized from 94 and 95 
respectively and were prepared to study organocatalytic enantioselective IMDA 
reaction. Catalyst 54 displayed good enantioselectivities up to 90% for 110 and 
82% for 115 but with generally poor chemical yields (Scheme 31). 
1. 20 moI% 54-59 
^ 6 4 % overall yield 门tdc o-NOj-BzOH b 
V with 3 steps ？丁已S CHCI3. rt 
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” 。 123 
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Melting points were measured with a Reichert apparatus in Celsius degrees and 
are uncorrected. Optical rotations were obtained with a Perkin-Elmer model 341 
polarimeter, operating at 589nm. Infrared (IR) spectra were recorded on a Nicolet 
205 or a Perkin-Elmer 1600 FT-IR spectrophotometer as thin films on potassium 
bromide discs. Nuclear magnetic resonance (NMR) spectra were measured with a 
Bruker Bruker Avance I I I 400 NMR spectrometer at 400.19 MHz (^H) or at 100.62 
MHz (13c) in CDCI3 solutions, unless stated otherwise. A l l chemical shifts were 
recorded in ppm relative to tetramethylsilane (5 = 0.0). Spin-spin coupling 
constants (J value) recorded in Hz were measured directly from the spectra. MS 
and HRMS were measured on a ThermoFinnigan MAT 95 K L at the Department of 
Chemistry, The Chinese University of Hong Kong. Elemental analyses were 
carried out by MEDAC Ltd, Department of Chemistry, Brunei University, Uxbridge, 
UK. A l l reactions were monitored by analytical thin-layer chromatography (TLC) 
on Merck aluminium-precoated plates of silica gel 60 F254 with detection by 
spraying with 5% (w/v) dodecamolybdophosphoric acid in ethanol or 5% (w/v) 
ninhydrin in ethanol, and subsequent heating. E. Merck silica gel 60 (230-400 
mesh) was used for flash chromatography. A l l reagents and solvents were general 
reagent grade unless otherwise stated. Pyridine was distilled from barium oxide and 
stored in the presence of potassium hydroxide pellets. Methanol was dried by 
sodium and distilling from its sodium salt under nitrogen. DMF was dried by 
magnesium sulfate, filtered, and the filtrate was then distilled under reduced pressure. 
Acetonitrile was freshly distilled from P2O5 under nitrogen. Acetone was dried by 
CaS04 and filtered. THF was freshly distilled from Na/benzophenone ketyl under 
nitrogen. ^XiO was freshly distilled from K/benzophenone ketyl under nitrogen. 
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Dichloromethane and chloroform were freshly distilled from P2O5 under nitrogen. 
Other reagents were purchased from commercial suppliers and were used without 
purification. 
General procedure for glycol cleavage reaction. NaI04 (3 eq.) was 
dissolved in a minimum amount of hot water (〜80 °C) and to this solution was added 
silica gel (230-400 mesh, 10 x weight of diol) with vigorous swirling and shaking. 
The mixture was suspended in CH2CI2 and then a solution of diol (1 eq.) in CH2CI2 
was added. After vigorous stirring at room temperature for 1 h, the mixture was 
filtered. The filtrate was concentrated under reduced pressure to give the aldehyde 
product. 
Generation of benzylmagnesium bromide/chloride. To a suspension of 
magnesium powder (150 mmol) in THF (50 mL) was added 1,2-dibromoethane (0.36 
mL) and the mixture was stirred at room temperature for 15 min. A solution of 
benzyl halide (50.0 mmol) in THF (50 mL) was added dropwise to the mixture at a 
rate to maintain a gentle reflux of the THF. After the addition of the benzyl halide 
solution, the mixture was heated under reflux for 2h and then cooled down for use. 
The concentration of the benzylmagnesium bromide/ chloride solution generated was 
around 0.5 M . 
Generation of benzylic zinc reagent by using magnesium in presence of 
LiCl . L iCl (5.0 mL, 0.5 M in T H F � 2 . 5 mmol) and ZnCb (2.2 mL, 1 M in THF, 2.2 
mmol) were added to magnesium powder (5.0 mmol) in a dry Schlenk-f\dis\^. The 
benzyl halide (2.0 mmol) was added in one portion at the given temperature. After 
addition of the benzyl halide, the mixture was stirred for the given time and then 
canulated to a new Schlenk-^\2i?k for the rection. The concentration of the 
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benzylzinc bromide/ chloride solution generated was around 0.28 M. 
General procedure for mesylation of alcohol. To a solution of the alcohol 
(1 eq) in CH2CI2 was added EtsN (2.4 eq) and MsCl (1.2 eq) at 0。C. After addition 
the mixture was stirred at the same temperature until the reaction was completed. 
The reaction was quenched with saturated NaHCOs solution and the aqueous phase 
was extracted with Et〗。. The combined organic extracts were washed with brine, 
dried over anhydrous MgS04, and filtered. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography to afford the 
mesylate. 
General procedure for intramolecular Diels-Alder reaction. To a solution 
of the catalyst (0.04 mmol, 0.2 eq) and o-N02-benzoic acid (0.04 mmol, 0.2 eq) was 
added dienal (0.201 mmol, 1 eq) in CHCI3 (2 mL) at room temperature and stirred at 
same temperature for state time until the disappearance of the starting material as 
shown on TLC. The reaction mixture was filtered though a thin pad of silica gel 
and concentration of the filtrate yielded crude cycloadduct. 
Amine 54. To a solution of amine 67 (444 mg, 1.38 mmol) in /-BuOH (23 
mL) and water (4.5 mL) was added 10% Pd-on-charcoal (147 mg, 0.138 mmol) The 
mixture was activated with an atmosphere of H2 (balloon) by three times followed by 
stirring under the same H2 atmosphere at room temperature for another 48 h. The 
mixture was filtered and washed with EtOAc. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography 
(CHClsiMeOH, 20:1) to afford amine 54 (293 mg, 91%) as a colorless oil: 
[af^ -93.4 (c 1.75, CHCI3); R/0.40 (CHCbMeOH, 20:1);】H NMR 5 1.32 (3H, s), 
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1.51 (3H, s), 1.93 ( m � b r s), 2.60 ( I H , dd, J 二 13.3, 4 Hz), 2.81-2.89 (2H, m), 
2.95-3.01 ( IH , m), 3.06 ( IH , d, J = 13.3 Hz), 4.40 ( IH , dd, J=5.5, 3.5 Hz), 4.62 ( IH , 
dd, 5.5, 4.0 Hz), 7.18-7.32 (5H，m); ^^C N M R 5 23.9 (CH3)，25.8 (CH3), 34.7 
(CH2), 53.1 (CH2), 65.5 (CH), 81.1 (CH), 81.8 (CH), 110.3 (C), 126.0 (CH), 128.2 
(CH), 129.0 (CH), 139.5 (C); MS (ESI) m/z (relative intensity) 234 ([M+H]^, 100)， 
235 (15)，236 (2); HRMS (ESI) calcd for C14H19NO2 [M+H]+ 234.1489, found 
234.1489. 
Amine 55. To a solution of amine 84 (46.9 mg, 0.139 mmol) in r-BuOH (3.3 
mL) and water (0.7 mL) was added 10% Pd-on-charcoal (148 mg, 0.139 mmol) The 
mixture was activated with an atmosphere of H2 (balloon) by three times followed by 
stirring under the same H2 atmosphere at room temperature for another 24 h. The 
mixture was filtered and washed with EtOAc. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography 
(CHCbiMeOH, 20:1) to afford amine 55 (33.5 mg, 97%) as a colorless oil: 
[alo -93.6 (c 1.51, CHCI3); R/0.36 (CHCls'.MeOH, 20:1); IR (thin f i lm) 3671, 3270, 
2982，2925, 2862，1647，1515，1450, 1376, 1269, 1208, 1163, 1081, 1036, 818 cm'' ; 
^ H N M R S 1.31 (3H, s), 1.51 (3H, s), 2.16 ( IH , br s), 2.31 (3H, s), 2.58 ( IH , dd, J = 
13.3, 4.0 Hz), 2.78-2.85 (2H, m)，2.91-2.97 ( IH , m), 3.06 ( IH , d，J= 13.3 Hz), 4.41 
( IH , dd, J=5.5, 3.3 Hz), 4.62 ( IH, dd, J = 5.5, 4.1 Hz), 7.10 (2H, d, J = 7.8 Hz), 7.19 
(2H, d, J= 8.0 Hz); NMR 5 21.0 (CH3), 23.9 (CH3), 25.9 (CH3), 34.2 (CH2), 53.1 
(CH2), 65.7 (CH), 81.2 (CH), 81.9 (CH), 110.3 (C), 128.9 (CH), 129.0 (CH), 135.5 
(C), 136.4 (C); MS (ESI) m/z (relative intensity) 248 ([M+H]+, 100), 249 (18), 250 
(2); HRMS (ESI) calcd for C15H21NO2 [M+H]+ 248.1645, found 248.1647. 
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Amine 56. To a solution of amine 85 (41.5 mg, 0.118 mmol) in /-BuOH (1.7 
mL) and water (0.3 mL) was added 10% Pd-on-charcoal (12.5 mg, 0.0118 mmol) 
The mixture was activated with an atmosphere of H2 (balloon) by three times 
followed by stirring under the same H2 atmosphere at room temperature for another 
12 h. The mixture was filtered and washed with EtOAc. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (CHClsMeOH, 20:1) to afford amine 56 (27.3 mg, 88%) as a pale 
yellow oil: [a]^ -89.5 (c 1.06, CHCI3)； R/0.27 (CHClsiMeOH, 20:1); IR (thin fi lm) 
2983, 2929, 2831, 1649, 1513, 1459, 1246, 1036, 833 cm-'; ^H NMR 5 1.31 (3H, s), 
1.50 (3H, s), 2.13 ( IH, b r s)，2.59 ( IH, dd, J 二 13.3, 3.9 Hz), 2.76-2.83 (2H, m), 
2.88-2.95 ( IH, m), 3.06 ( IH, d, J = 13.3 Hz), 3.78 (3H, s), 4.41 ( IH, dd, J =5.4, 3.3 
Hz), 4.62 ( IH, dd, J= 5.4, 4.1 Hz), 6.83 (2H, d, J= 7.8 Hz), 7.21 (2H, d, J= 8.6 Hz); 
13C NMR 5 24.0 (CH3), 25.9 (CH3), 33.8 (CH2), 53.2 (CH2), 55.2 (CH3), 65.8 (CH), 
81.2 (CH), 81.9 (CH), 110.4 (C), 113.8 (CH), 130.0 (CH), 131.6 (C), 158.0 (C); MS 
(ESI) m/z (relative intensity) 264 ([M+H]+, 100), 265 (17), 266 (2); HRMS (ESI) 
calcd for C15H21NO3 [M+H]+ 264.1594, found 264.1600. 
Amine 57. To a solution of amine 86 (30 mg, 0.0838 mmol) in dry CH2CI2 
(0.6 mL) was added chloroethylchloroformate (0.0135 mL, 0.126 mmol) at 0。C 
under N2. The solution was stirred at 0 °C for 13 h and the solvent was removed 
under reduced pressure. The residue was redissolved in MeOH (1 mL) and the 
mixture was then heated to reflux for 2 h. The reaction mixture was concentrated 
under reduced pressure and the crude residue was directly purified by flash 
chromatography (CHClsMeOH, 20:1) to afford amine 57 (7.1 mg, 32%) as a 
colorless oil: [af^ -95.2 (c 0.36, CHCI3); R/0.33 (CHCbiMeOH, 20:1); IR (thin fi lm) 
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2982, 2929, 2845, 1491, 1376, 1270, 1207, 1165, 1080, 1036, 983, 856 cm"'; 'H 
N M R 8 1.31 (3H, s), 1.50 (3H, s), 1.83 ( IH , br s), 2.60 ( IH , dd, J= 13.4, 3.8 Hz), 
2.77-2.86 (2H, m), 2.92-2.97 ( IH , m), 3.07 ( IH , d , J = 13.3 Hz), 4.39 ( IH , dd, J 
=5.2, 3.6 Hz), 4.64 ( IH , d d , J = 5.2, 4.3 Hz), 7.20-7.25 (4H, m ) ; ^^C N M R 5 24.0 
(CHS), 2 5 . 9 (CHs), 34 . 1 (CEb), 5 3 . 2 (CH2), 6 5 . 5 (CH) , 81.1 (CH) , 8 1 . 9 (CH)，110.5 
(C), 128.5 (CH), 130.5 (CH), 132.0 (C), 138.0 (C); MS (ESI) m / z (relative intensity) 
268 ([M+H]+, 100), 269 (16), 270 (30), 271 (6); HRMS (ESI) calcd for C14H18NO3CI 
[M+H]+ 268.1099, found 268.1105. 
Amine 58. To a solution of amine 87 (41.4 m g � 0 . 1 1 1 mmol) in , -BuOH (1.6 
mL) and water (0.4 mL) was added 10% Pd-on-charcoal (11.8 mg, 0.0111 mmol) 
The mixture was activated with an atmosphere o f H2 (balloon) by three times 
followed by stirring under the same H2 atmosphere at room temperature for another 
48 h. The mixture was filtered and washed with EtOAc. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (CHCbMeOH, 20:1) to afford amine 58 (30.5 mg, 97%) as a 
colorless oil: [af^ -102.3 (c 1.03, CHCI3); R/0.33 (CHCbiMeOH, 20:1); IR (thin 
f i lm) 3051, 2981, 2929, 2860, 1441, 1375, 1269, 1206，1162, 1036, 985, 858，819, 
749 cm-i; 1h N M R 5 1.33 (3H, s)，1.55 (3H, s)，2.26 ( IH , br s)，2.61 ( IH , dd, J = 
13.3, 3.8 Hz), 2.92-2.96 ( IH , m), 3.02-3.18 (3H, m), 4.42-4.45 ( IH , m), 4.63-4.65 
( IH , m), 7.40-7.79 (7H, m); '^C N M R 5 24.0 (CH3)，25.9 (CH3), 34.9 (CH2), 53.2 
(CH2), 65.3 (CH), 81.2 (CH), 81.9 (CH), 110.4 (C), 125.3 (CH), 125.9 (CH), 127.4 
(CH), 127.5 (CH), 127.6 (CH), 127.7 (CH), 127.9 (CH), 132.2 (C), 133.6 (C)’ 137.1 
(C); MS (ESI) m/z (relative intensity) 284 ([M+H]+, 100), 285 (23), 286 (3); HRMS 
(ESI) calcd for C18H21NO2 [M+H]+ 284.1645, found 284.1641. Anal. Calcd for 
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C20H23NO2： C, 77.64; H, 7.49; H, 4.53, found C, 76.12; H，7.55; H, 4.38. 
Amine 59. To a solution of amine 88 (367 mg, 0.917 mmol) in r-BuOH (30 
mL) and water (6 mL) was added 10% Pd-on-charcoal (97.6 mg, 0.0917 mmol) The 
mixture was activated with an atmosphere of H2 (balloon) by three times followed by 
stirring under the same H2 atmosphere at room temperature for another 72 h. The 
mixture was filtered and washed with EtOAc. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography 
(CHCls-.MeOH, 20:1) to afford amine 59 (250 mg, 88%) as a white solid: mp 89—90 
�C; [af^ -92.9 (c 1.10, CHCI3); R/0.33 (CHCbMeOH, 20:1); IR (thin f i lm) 3671, 
3648，3027, 2982, 2927, 2860, 1488, 1376, 1269, 1207, 1080, 1036，853, 762 cirf ] ; 
^H N M R 5 1.34 (3H, s), 1.54 (3H, s), 2.06 (IH，br s)，2.62 ( IH , dd，J= 13.4, 4.0 Hz), 
2.86-2.94 (2H, m), 3.00-3.06 ( IH , m), 3.09 ( IH , d, J = 13.3 Hz), 4.47 ( IH, dd, J = 
5.4, 3.4 Hz), 4.66 ( IH, dd, J = 5.5, 4.0 Hz), 7.31—7.53 (9H, m); ^^C N M R 5 24.0 
(CHs), 25.9 (CH3)，34.4 (CH2), 53.3 (CH2), 65.6 (CH), 81.3 (CH), 82.0 (CH), 110.4 
(C), 127.0 (CH), 127.0 (CH), 127.1 (CH), 128.7 (CH), 129.5 (CH), 138.8 (C), 139.1 
(C), 141.1 (C); MS (ESI) m/z (relative intensity) 310 ([M+H]+, 100), 311 (23), 312 
(3); HRMS (ESI) calcd for C20H23NO2 [ M + H f 310.1802, found 310.1801. 
Lactol 60. To a milky suspension of dry D-arabnose (5.55 g, 37.0 mmol) in 
DMF (50 mL) were added 2,2-dimethoxypropane (13.6 mL, 110 mmol) and TsOH 
(629 mg, 3.70 mmol) at room temperature. The solution became clear after being 
stirred at room temperature for 15 min. The resultant solution was stirred at room 
temperature for another 18 h. The reaction was quenched by dropwise addition of 
EtsN until pH〜7 (test by pH paper). The solution was concentrated under reduced 
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pressure to afford the crude 62. Following by the glycol cleavage procedure, the 
crude 62 was converted to colorless oil. The powdered K2CO3 (2.66 g, 19.2 mmol) 
was added to the solution of crude mixture in MeOH (50 mL). The mixture was 
stirred at room temperature for 24 h. The resultant mixture was filtered through a 
pad of silica gel that was eluted with Et20. Concentration of the filtrate followed 
by flash chromatography (Hexane: Et〗。，3:2) yielded lactol 60 (3.54 g, 60%) as a 
colorless oil: [a]o-59.4 (c 2.45, CHCI3) {lit.^^ [a j^ -79.3 (c 0.925, CHCI3)}; R/ 
0.3 (Hexane:Et20, 1:2); IR (thin f i lm) 3438，2986, 2940, 1378, 1214, 1071, 989, 856 
cm"'; 1h N M R (major anomer) 5 1.30 (3H, s), 1.45 (3H, s), 3.37 ( I H � b r s), 
3.98-4.06 (2H, m), 4.55 ( IH , d, J = 5.9 Hz), 4.82 ( IH , dd, J = 5.8, 3.7 Hz), 5.39 ( IH , 
s); 13c N M R 5 25.0, 26.5, 72.2, 80.2, 85.4, 102.1, 112.6; MS (ESI) m/z (relative 
intensity) 183 ( [M+ Na]+, 100); HRMS (ESI) calcd for C7H12O4 [M+Na]+ 183.0628, 
found 183.0831. 
Diols 63, 64 and 65. To a stirred solution of the lactols 60 (6.64 g, 19.8 mmol) 
in THF (200 mL) at -78。C was added benzylmagnesium bromide (0.5 M solution in 
THF, 30 mL, 16.3 mmol) slowly. The reaction was raised to room temperature and 
stirred for 24 h. Saturated NH4CI solution (10 mL) was added to the reaction 
mixture at 0。C. The aqueous layer was extracted with EtOAc (4 x 100 mL). The 
combined organic extracts were dried over MgS04 and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (Hexane:Et20, 1:1) to afford firstly diol 63 (159 mg, 31%) and 
secondly an inseparatable mixture of diol 64 and 65 (118 mg, 23%) as colorless oils: 
Data for 63: [a]^ -3.56 (c 1.09，CHCI3); R/0.16 (Hexane: EtOAc, 1:1); IR (thin fi lm) 
3656, 3422, 2986, 2931, 1447, 1376, 1219, 1167, 1069，863，749 cm-'; NMR 5 
1.37 (3H, s), 1.46 (3H, s)，2.67 ( IH, dd, J = 13.8, 8.0 Hz), 3.04 ( IH , br s), 3.14—3.17 
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( IH , m), 3.22 ( IH , br s)，3.64-3.69 ( IH , m), 3.74-3.80 ( IH , m), 3.94-4.01 (2H, in), 
2.63 ( IH , dt, J= 7.9，4.8 Hz), 7.23-7.34 (5H, m); ^^C N M R (MeOD) 5 25.7 (CH3), 
28.4 (CH3), 41.7 (CH2), 61.9 (CH2), 71.3 (CH), 79.4 (CH), 80.4 (CH), 109.6 (C), 
127.2 (CH), 129.1 (CH), 130.9 (CH), 139.7 (C); MS (ESI) m/z (relative intensity) 
275 ([M+Na]+, 100); HRMS (ESI) calcd for CMH20O4 [M+Na]+ 275.1254, found 
275.1253. 
Data for 64. [af^ -13.1 (c 0.86, CHCI3); R/0.13 (Hexane: E t O A c � 2 : 3 ) ; IR (thin 
f i lm) 3419, 2983, 2930, 1456, 1378, 1217, 1164，1043, 866 cm、】H NMR 5 1.41 
( 3 H � s ) , 1.59 (3H, s), 2.38 (3H, s), 2.48 ( I H , br s), 3.06 ( I H , br s), 3.63 ( I H , dd, J = 
11.8, 3.8 Hz), 3.70 ( IH , dd, J = 11.8，5.6 Hz), 4.21-4.25 ( IH , m), 4.52 ( IH, dd, J = 
6.8, 4.6 Hz), 5.04 ( IH , d � J = 4.4), 7.16-7.23 (3H, m), 7.44—7.46 ( IH, m); ^^C 
N M R 5 19.2 (CH3), 25.1 (CH3)，27.3 (CH3), 61.1 (CH2), 67.8 (CH), 77.4 (CH), 78.9 
(CH), 108.7 (C), 126.4 (CH), 126.4 (CH), 128.1 (CH), 130.8 (CH), 135.6 (C), 138.3 
(C); MS (ESI) m/z (relative intensity) 275 ([M+Na]+, 100); HRMS (ESI) calcd for 
C]4H2O04 [M+Na]+ 275.1254, found 275.1253. 
Amine 67 by intermolecular amination. To a solution of diol 63 (66.4 mg, 
0.263 mmol) in CH2CI2 (3.5 mL) were added EtsN (0.22 mL, 1.58 mmol) and MsCl 
(0.12 mL, 1.58 mmol) under N2 at 0 The reaction mixture was stirred at 0 
for 4 h until the disappearance of the starting material as shown on TLC and 
quenched with saturated NaHCOs solution. The aqueous phase was extracted with 
Et20 (2 X 30 mL). The combined organic extracts were washed with brine, dried 
over anhydrous MgS04, and filtered. The filtrate was concentrated under reduced 
pressure and the residue was dissolved in benzylamine (0.13 mL). The reaction was 
heated to 100 °C for 20 h. The reaction mixture was directly purified by flash 
chromatography (hexane:Et20, 12:1) to afford amine 67 (12.1 mg, 62%) as a 
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colorless oil: [af^ -156.4 (c 1.94, CHCI3)； R/0.23 (hexane.EtzO, 6:1); IR (thin film) 
3027, 2982, 2932, 2787, 1451, 1373, 1210, 1133, 1102, 1033, 739, 700 cm'';】H 
NMR 5 1.42 (3H, s)，1.73 (3H, s), 2.08 ( IH, dd, J= 11.2，4.7 Hz), 2.41 ( IH, dt,J = 
10.1, 4.0 Hz), 3.01 ( IH, dd, J= 13.2, 3.6 Hz), 3.14-3.22 (2H, m), 3.27 ( IH, d, J = 
13.5 Hz), 4.28 ( IH, d, J= 13.5 Hz), 4.45 ( IH, dd, J= 6.4, 4.5 Hz), 4.57 ( IH, dd, J = 
6.4, 4.8 Hz), 7.28-7.46 (lOH, m); ^^ C NMR 5 25.8 (CH3), 26.5 (CH3), 33.3 (CH2), 
57.1 (CH2), 59.9 (CH2), 70.2 (CH), 77.5 (CH), 80.4 (CH), 111.0 (C), 125.9 (CH), 
126.8 (CH), 128.2 (CH), 128.5 (CH), 129.5 (CH), 138.6 (C), 139.6 (C); MS (ESI) 
m/z (relative intensity) 324 ([M+H]+, 100), 325 (20), 326 (3); HRMS (ESI) calcd for 
C21K25NO2 [M+H]+ 324.1958, found 324.1962. 
Amine 67 by intramolecular substitution. To a solution of amine 72 (1.37 g, 
4.00 mmol) in CH2CI2 (53 mL) and then triethylamine (2.4 mL, 17.6 mmol) and 
methanesulfonyl chloride (0.68 mL, 8.81 mmol) were added under N2 at 0 °C. The 
reaction mixture was stirred for 1 h and quenched with saturated NaHCOs solution. 
The aqueous phase was extracted with Et20 (3 x 30 mL). The combined organic 
extracts were washed with brine, dried over anhydrous MgSCU, and filtered. The 
filtrate was concentrated under reduced pressure and the residue was purified by 
flash chromatography (hexane:Et20, 1:1) to afford amine 67 (1.06 mg, 82%) as a 
colorless oil. 
Amine 68 and 69 by intermolecular amination. To a solution of diol 64 
and 65 (17.6 mg, 0.069 mmol) in CH2CI2 (1 mL) were added EtsN (0.06 mL, 0.42 
mmol) and MsCl (0.03 mL, 0.42 mmol) under N2 at 0 The reaction mixture was 
stirred at 0 °C for 1 h until the disappearance of the starting material as shown on 
TLC and quenched with saturated NaHCOs solution. The aqueous phase was 
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extracted with Et20 (2 x 30 mL). The combined organic extracts were washed with 
brine, dried over anhydrous MgSCU, and filtered. The filtrate was concentrated 
under reduced pressure and the residue was dissolved in benzylamine (0.23 mL). 
The reaction was heated to 80 for 12 h. The reaction mixture was directly 
purified by flash chromatography (hexane:Et20, 12:1) to afford firstly amine 69 (7.2 
mg, 32%) and then secondly amine 68 (3.4 mg, 15%) as colorless oils: Data for 
amine 69. [af^ +2.23 (c 0.85, CHCI3)； R/0.23 (hexaneiEtsO, 4:1); IR (thin f i lm) 
3027，2983, 2929, 2801, 1375, 1248, 1157, 1056, 863 cm.】； H^ N M R 8 1.27 (3H, s), 
1.54 (3H, s), 2.64 ( IH , dd, J= 14.1，8.7 Hz), 2.69 (IH，dd, J= 10.8, 3.2 Hz), 2.93 
( IH , dd, J= 14.1, 5.0 Hz), 3.01 ( IH , dd, J= 10.8, 5.5 Hz), 3.21 ( IH , m), 3.64 ( IH , d, 
J= 13.3 Hz), 4.02 ( IH , d, J= 13.3 Hz), 4.41 (2H, dd, J= 6.5, 2.4 Hz), 4.62 ( IH , m), 
7.17-7.32 (lOH, m); ^^C N M R 5 25.2 (CH3), 27.2 (CH3), 34.6 (CH2), 57.0 (CH2), 
57.8 (CH2), 69.1 (CH), 78.8 (CH)，83.9 (CH), 112.2 (C), 126.2 (CH), 127.0 (CH), 
128.3 (CH), 128.4 (CH), 128.6 (CH), 129.4 (CH), 138.7 (C)，139.1 (C); MS (ESI) 
m/z (relative intensity) 324 ([M+H].，100), 325 (25)，326 (4); HRMS (ESI) calcd for 
C21H25NO2 [M+H]+ 324.1958, found 324.1958. 
Data for amine 68. [a]^ +31.1 (c 2.28, CHCI3); R/0.83 (hexaneiEtsO, 4:1); IR 
(thin f i lm) 3026, 2983,2931,2802, 1375, 1209, 1084，865, 755 c m " V H N M R 5 1.30 
(3H, s), 1.60 (3H, s), 2.45-2.49 (4H, m)，3.19 ( IH , d, J= 13.1 Hz), 3.43 ( IH , dd, J = 
9.7, 6.47 Hz), 3.79 ( I H , d, J - 13.1 Hz), 3.85 ( I H , d, J= 5.3 Hz) , 4.43 ( 2 H � d d , J = 
6.9, 5.3 Hz), 4.69-4.74 ( IH , m), 7.17-7.35 ( 8 H � m ) , 7.64 ( IH , d, J = 7.5 Hz); ^^C 
N M R 5 19.8 (CH3), 25.4 (CH3), 27.5 (CH3), 57.3 (CH2), 58.4 (CH2)，70.1 (CH), 77.6 
(CH), 87.8 (CH), 113.4 (C), 126.4 (CH), 126.5 (CH), 127.0 (CH), 127.0 (CH), 128.2 
(CH), 128.6 (CH), 130.5 (CH), 137.0 (C)，138.5 (C), 138.5 (C); MS (ESI) m/z 
(relative intensity) 324 ([M+H]+，100)，325 (18)，326 (2); HRMS (ESI) calcd for 
C21H25NO2 [M+H]^ 324.1958, found 324.1962. 
55 
Amine 70. To a solution of amine 69 (14.6 mg, 0.045 mmol) in 沾 u O H (1 
mL) and water (0.2 mL) was added 10% Pd-on-charcoal (4.8 mg, 0.004 mmol) The 
mixture was activated with an atmosphere of H2 (balloon) by three times followed by 
stirring under the same H2 atmosphere at room temperature for another 18 h. The 
mixture was filtered and washed with EtOAc. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography 
(CHCl3:MeOH, 20:1) to afford amine 70 (7.3 mg, 69%) as a colorless oil: [a]；" -28.6 
(c 0.79, CHCI3); R/0.66 (CHCl3:MeOH, 20:1); IR (thin f i lm) 3325，3025, 2982, 2929, 
2855, 1452’ 1376, 1270, 1209, 1160, 1047, 866, 745 cm、】H N M R 5 1.28 (3H, s), 
1.45 (3H, s), 2.22 ( IH, br s), 2.60 ( IH, dd, J= 14.0, 8.2 Hz), 2.66 ( IH , dd, J= 14.0, 
7.9 Hz), 2.98 ( IH , dd, J= 13.3, 4.0 Hz), 3.06 ( IH , d, J= 13.3 Hz), 3.47 ( IH , t, J = 
8.0 Hz), 4.45 ( IH , dd, J= 5.6 Hz), 4.73-4.75 ( IH, m), 7.19-7.32 (5H, m); ^^C N M R 
5 24.1 (CH3), 26.3 (CH3), 37.0 (CH2), 51.9 (CH2), 66.1 (CH), 81.7 (CH), 84.9 (CH), 
111.0 (C)，126.4 (CH), 128.6 (CH), 129.0 (CH), 138.9 (C); MS (ESI) m/z (relative 
intensity) 234 ([M+H]+, 100), 325 (17), 236 (2); HRMS (ESI) calcd for C14H19NO2 
[M+H]+ 324.1489, found 324.1986. 
Imine 71. To a solution of lactol 60 (5.74 g, 35.8 mmol) in CH2CI2 (10 mL) 
were added BnNH〗(39 mL. 358 mmol) and 3A molecular sieves (ca. 22 g) at room 
temperature. The reaction mixture was stirred at room temperature for 24 h until 
the disappearance of the starting material as shown on TLC. The mixture was 
filtered and the residue was washed with EtOAc. Concentration of the filtrate 
followed by flash column chromatography (hexane:EtOAc, 3:1) produced imine 71 
(8.60 g, 96%) as a white solid: mp 58-59。C; [a]；" -34.0 (c 2.22, CHCI3); R/0.33 
(hexane:EtOAc, 1:1); IR (thin fi lm) 3673, 3456, 3269, 3028, 2932, 2858, 1461, 1376， 
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1270, 1209, 1102, 1057, 992, 859, 702 cm"^ ' H N M R 5 1.31 (0.87H, s), 1.33 (3H, s), 
1.5 (3.8H, s)，3.42 ( IH , dd, J = 11, 3.2 Hz), 3.77 (0.29H, d, J = 13.3 Hz), 3.89 
(0.29H, d, 13.3 Hz), 3.93-3.99 (2.58H, m), 4.15 ( IH , d, 13.3 Hz), 4.29 ( IH. 
3.3 Hz), 4.40 (0.29 H, d, J = 6 Hz), 4.50 ( IH , dd, J = 6, 3.5 Hz), 4.68 ( IH , dd, 
6, 3.6 Hz), 4.77-4.82 (0.58 H, m), 7.23-7.41 (6.45H, m); " c N M R 5 24.5, 24.8, 
25.9, 26.3, 49.2, 50.1, 68.7, 70.5, 79.2, 79.8, 80.5，85.2, 91.3, 94.4, 111.9，112.3, 
128.2, 128.2, 128.2, 128.4, 139.6, 139.9; MS (ESI) m/z (relative intensity) 250 ([M]+, 
100), 251 (23), 252 (2); HRMS (ESI) calcd for C14H19NO3 [M]+ 250.1438, found 
250.1440. 
Amine 72. To a stirred solution of a 0.5M THF solution of benzylmagnesium 
bromide (4.7 mL, 2.34 mmol) was added imine 71 (56.2 mg, 0.225 mmol) in dry 
THF (4.3 mL) dropwise at -20 under N2. After the addition, the mixture was 
allowed to rise to room temperature and stirred for a further 13 h. The mixture was 
quenched with saturated NH4CI solution and the aqueous phase was extracted with 
EtOAc (3 X 20 mL). The combined organic extracts were dried over anhydrous 
MgSCU，and filtered. The filtrate was concentrated under reduced pressure and the 
residue was purified by flash chromatography (hexane:Et20, 1:1) to afford amine 72 
(44.5 mg, 58%) as a colorless oil: [af^ 一34.6 (c 1.98，CHCI3); R/0.22 (hexaneiEtsO, 
1:2); IR (thin f i lm) 3678, 3653，3457, 3270, 3063, 3028, 2985, 2930 1495, 1455, 
1214, 1061, 745 cm-i; ^H N M R 5 134 (3H, s), 1.53 (3H, s), 2.77 ( IH , dd, J= 13.1, 
9.7 Hz), 3.03 ( IH , ddd, 9.6, 4.6，1.4 Hz), 3.35 ( IH, dd, J= 13.1, 4.6 Hz), 3.56 
( IH , dd, J= 12.8, 2.2 Hz), 3.73 ( IH , dd, J= 12.8, 4.9 Hz), 3.88 ( IH , d, J= 12.3 
Hz), 3.96-4.00 ( IH , m), 4.06 ( IH, d, J = 12.3 Hz), 4.15 ( IH , dd, J - 7.2, 1.5 Hz), 
7.19-7.38 (lOH, m); '^C N M R 5 24.7 (CH3), 26.7 (CH3), 37.3 (CH2), 50.5 (CH2), 
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56.5 (CH), 60.6 (CH2), 76.3 (CH), 77.7 (CH), 107.5 (C), 126.5 (CH), 127.6 (CM), 
128.6 (CH), 128.7 (CH), 128.7 (CH), 129.2 (CH), 138.1 (C), 138.6 (C); MS (ESI) 
m/z (relative intensity) 342 ([M+H]+, 100), 343 (24)，344 (4); HRMS (ESI) calcd for 
C21H27NO3 [M+H]+ 342.2064, found 342.2059. 
Amine 73. To a stirred solution of a 0.5M THF solution of 
；7-methylbenzylmagnesium bromide (7.0 mL, 3.33 mmol) was added imine 71 (52.7 
mg, 0.211 mmol) in dry THF (2 mL) dropwise at —20 ^C under N2. After the 
addition, the mixture was allowed to rise to room temperature and stirred for a 
further 17 h. The mixture was quenched with saturated NH4CI solution and the 
aqueous phase was extracted with EtOAc (3 x 20 mL). The combined organic 
extracts were dried over anhydrous MgSC^, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20，1:1) to afford amine 73 (27.3 mg, 50%) as a colorless 
oil: [a]D —33.0 {c 1.13, CHCI3); R/0.18 (hexane:Et20, 1:2); IR (thin f i lm) 3415, 3335, 
2984, 2926, 1701, 1513, 1456, 1375, 1214, 1046, 808, 746 cm"'; ' H N M R 5 1.31 (3H, 
s), 1.51 (3H, s), 2.34 (3H, s), 2.70 ( IH , dd, J= 13.1, 9.8 Hz), 2.97 ( IH , ddd, J= 9.7, 
4.6, 1.6 Hz), 3.30 ( IH , dd, J= 13.1，4.6 Hz), 3.53 ( IH , dd, J= 12.8, 2.1 Hz), 3.70 
( IH , dd, J= 12.8, 4.8 Hz), 3.85 ( IH, d �J = 12.3 Hz), 3.94-3.97 ( IH , m), 4.05 ( IH, 
d , 1 2 . 3 Hz), 4.14 ( IH , dd, J= 7.2, 1.6 Hz)，7.06 (2H, d, J - 8 . 0 Hz), 7.12 (2H, d, 
J二 7.8 Hz), 7.27-7.35 (5H, m); ^^ C NMR 5 21.1 (CH3), 24.8 (CH3), 26.7 (CH3), 36.9 
(CH2), 50.6 (CH2), 56.7 (CH), 60.6 (CH2), 76.4 (CH), 77.8 (CH), 107.5 (C), 127.6 
(CH), 128.7 (CH), 128.7 (CH), 129.2 (CH), 129.4 (CH), 135.5 (C), 136.1 (C)，138.2 
(C); MS (ESI) m/z (relative intensity) 356 ([M+H]+, 100)，357 (25), 358 (4); HRMS 
(ESI) calcd for C22H29NO3 [M+H]^ 356.2220, found 356.2210. 
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Amine 74 by Grignard addition. To a stirred solution of a 0.5M THF 
solution of p-methoxybenzylmagnesium chloride (5.0 mL, 5.01 mmol) was added 
imine 71 (53.5 mg, 0.214 mmol) in dry THF (1 mL) dropwise at -20 °C under N2. 
After the addition, the mixture was allowed to rise to room temperature and stirred 
for a further 17 h. The mixture was quenched with saturated NH4CI solution and 
the aqueous phase was extracted with EtOAc (3 x 20 mL). The combined organic 
extracts were dried over anhydrous MgS04, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20, 1:1) to afford amine 74 (21.1 mg, 26%) as a colorless 
oil: [a]D -35.9 (c 3.17, CHCI3); R/0.13 (hexaneiEtsO, 1:2); IR (thin film) 3312，2985, 
2929, 1612, 1512, 1457, 1247, 1037, 747 cm"^; ^H NMR 5 1.32 (3H, s), 1.51 (3H�s), 
2.69 ( IH, dd, J= 13.2，9.7 Hz), 2.95 ( IH, ddd, J= 9.6, 4.6, 1.4 Hz), 3.26 ( IH, dd, J = 
13.2, 4.6 Hz), 3.54 ( IH, dd, J= 12.8, 2.1 Hz), 3.70 ( IH, dd, J= 12.8, 4.8 Hz), 3.79 
(3H, s), 3.84 ( IH, d, J= 12.3 Hz), 3.94-3.98 ( IH, m), 4.04 ( IH, d, 12.3 Hz), 4.14 
( IH, dd, J = 7.2, 1.5 Hz), 6.85 (2H, d, J = 8.6 Hz), 7.09 (2H, d, J = 8.5 Hz), 
7.28-7.36 (5H, m); ^^ C NMR 5 24.8 (CH3), 26.7 (CH3), 36.4 (CH2)，50.6 (CH2), 55.2 
(CH3), 56.6 (CH), 60.6 (CH2), 76.3 (CH), 77.8 (CH), 107.5 (C)，114.1 (CH), 127.5 
(CH), 128.6 (CH), 128.7 (CH), 130.2 (CH), 130.5 (C), 138.2 (C), 158.2 (C); MS 
(ESI) m/z (relative intensity) 372 ([M+H]+, 100), 373 (25), 374 (5); HRMS (ESI) 
calcd for C22H29NO4 [M+H]+ 372.2169, found 372.2173. 
Amine 74 by addition of organozinc reagent. Following the general 
procedure for generation of benzylic zinc reagent, the；?-methoxybenzyl chloride (5.8 
59 
mL, 42.7 mmol) was converted into the benzyl zinc reagent at 25 in 2 h. To a 
stirred solution of a 0.25M THF solution of ;?-methoxybenzyl zinc bromide (171 mL, 
42.7 mmol) was added imine 71 (1.06 g, 4.27 mmol) in dry THF (85 mL) drop wise 
at -20 under N2. After the addition, the mixture was allowed to rise to room 
temperature and stirred for a further 13 h. The mixture was quenched with 
saturated NH4CI solution and the aqueous phase was extracted wi th EtOAc (3 x 50 
mL). The combined organic extracts were dried over anhydrous MgSCU, and 
filtered. The filtrate was concentrated under reduced pressure and the residue was 
purified by flash chromatography (hexane:Et20, 1:1) to afford amine 74 (406 mg, 
26%) as a colorless oil. 
Amine 75 by Grignard addition. To a stirred solution of a 0.5M THF 
solution of ;?-chlorobenzyl magnesium bromide (4.2 mL, 2.08 mmol) was added 
imine 71 (52 mg, 0.206 mmol) in dry THF (4 mL) dropwise at -20 °C under N2. 
After the addition, the mixture was allowed to rise to room temperature and stirred 
for a further 24 h. The mixture was quenched with saturated NH4CI solution and 
the aqueous phase was extracted with EtOAc (3 x 20 mL). The combined organic 
extracts were dried over anhydrous MgS04, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20, 1:1) to afford amine 75 (35.8 mg, 46%) as a colorless 
oil: [ajo -33.8 (c 2.59, CHCI3)； R/0.13 (hexaneiEtsO, 1:2); IR (thin f i lm) 3316, 
3028, 2983, 2927, 1491, 1452, 1376, 1247, 1214，1087, 1051，813 cm、^H N M R 5 
1.29 (3H, s), 1.49 (3H, s), 2.71 ( IH, dd, J= 13.2，9.8 Hz), 2.96 ( IH , ddd, J= 9.6, 4.6, 
1.5 Hz), 3.28 ( IH , dd, J二 13.2, 4.6 Hz)，3.53 ( IH, dd, J= 12.8, 2.1 Hz), 3.71 ( IH, dd, 
J = 12.8, 4.9 Hz), 3.84 ( IH, d, J= 12.3 Hz), 3.94-3.98 ( IH, m), 4.02-4.07 (2H, m), 
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7.09 (2H, d, J = 8.3 Hz), 7.25-7.37 (7H, m); ^^ C NMR 5 24.7 (CH3), 26.7 (CH3), 
36.7 (CH2), 50.6 (CH2), 56.5 (CH), 60.6 (CH2), 76.3 (CH), 77.7 (CH), 107.7 (C), 
127.7 (CH), 128.6 (CH), 128.8 (CH), 128.9 (CH), 130.6 (CH), 132.4 (C), 137.1 (C), 
138.0 (C); MS (ESI) m/z (relative intensity) 376 ([M+H]+, 100), 377 (25), 378 (36), 
379 (8), 380 (2); HRMS (ESI) calcd for CsiHseNOsCl [M+H]+ 376.1674, found 
376.1680. 
Amine 75 by addition of organozinc reagent. Following the general 
procedure for generation of benzylic zinc reagent, the /?-chlorobenzyl chlroide (2.56 
g, 15.9 mmol) was converted into the ；?-chlorobenzyl zinc reagent at 25 °C in 2 h. 
To a stirred solution of a 0.25M THF solution of /7-chlorobenzylzinc bromide (63.6 
mL, 15.9 mmol) was added imine 71 (390 mg, 1.57 mmol) in dry THF (22 mL) 
dropwise at -20 °C under N2. After the addition, the mixture was allowed to rise 
to room temperature and stirred for a further 18 h. The mixture was quenched with 
saturated NH4CI solution and the aqueous phase was extracted with EtOAc (3 x 50 
mL). The combined organic extracts were dried over anhydrous MgS04, and 
filtered. The filtrate was concentrated under reduced pressure and the residue was 
purified by flash chromatography (hexane:Et20, 1:1) to afford amine 75 (304 mg, 
52%) as a colorless oil. 
Amine 76. To a stirred solution of a 0.25M Et2〇 solution of 
2-naphthylmethylmagnesium bromide (146 mL, 36.5 mmol) was added imine 71 
(910 mg, 3.65 mmol) in dry THF (20 mL) dropwise at -20 ^C under N2. After the 
addition, the mixture was allowed to rise to room temperature and stirred for a 
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further 24 h. The mixture was quenched with saturated NH4CI solution and the 
aqueous phase was extracted with EtOAc (3 x 50 mL). The combined organic 
extracts were dried over anhydrous MgS04, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20, 1:1) to afford amine 76 (816 mg, 76%) as a white 
solid: mp 98-99。C; [af^ -46.6 {c 1.28, CHCI3); R/0.15 (hexaneiEtsO, 1:2); IR (thin 
fi lm) 3666, 3642, 2983, 2928, 1453, 1375, 1248, 1214, 1139, 1053, 817, 748, 701 
cm—i; ^ H N M R S 1.33 (3H, s), 1.55 (3H, s), 2.93 ( IH, dd, 13.0, 9.7 Hz), 3.13 ( IH, 
ddd, J= 9.6, 4.6, 1.4 Hz), 3.51 ( IH, dd, J二 13.0, 4.6 Hz), 3.57 ( IH, dd, J= 12.8, 2.1 
Hz), 3.74 ( IH, dd, J= 12.8, 4.9 Hz), 3.91 ( IH, d, J= 12.3 Hz), 3.94-3.96 ( IH, m), 
4.10 ( IH, d, J= 12.3 Hz), 4.18 ( IH, dd, J= 7.2, 1.6 Hz), 7.30-7.52 (8H, m), 7.65 
( IH, s)，7.79-7.85 (3H, m); ^^ C NMR 5 24.8 (CH3), 26.7 (CH3), 37.5 (CH2), 50.7 
(CH2), 56.6 (CH), 60.6 (CH2), 76.4 (CH), 77.8 (CH), 107.6 (C), 125.6 (CH), 126.3 
(CH), 127.4 (CH), 127.5 (CH), 127.6 (CH), 127.7 (CH), 127.8 (CH), 128.4 (CH), 
128.7 (CH), 128.7 (CH), 132.2 (C), 133.6 (C), 136.1 (C), 138.2 (C); MS (ESI) m/z 
(relative intensity) 392 ([M+H]+, 100), 393 (27), 394 (5); HRMS (ESI) calcd for 
C25H29NO3 [M+H]+ 392.2220, found 392.2214. 
Amine 77. Following the general procedure for generation of benzylic zinc 
reagent, the 4-(bromomethyl)biphenyl (850 mg, 3.44 mmol) was converted into the 
biphenylmethyl zinc reagent at 25 in 2h. To a stirred solution of a 0.31M THF 
solution of biphenylmethyl zinc bromide (11.1 mL, 3.44 mmol) was added imine 71 
(87.7 mg, 0.336 mmol) in dry THF (29 mL) dropwise at —20。C under N2. After 
the addition, the mixture was allowed to rise to room temperature and stirred for a 
further 24 h. The mixture was quenched with saturated NH4CI solution and the 
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aqueous phase was extracted with EtOAc (3 x 20 mL). The combined organic 
extracts were dried over anhydrous M g S 0 4 � a n d filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20, 1:1) to afford amine 76 (102 mg, 73%) as a colorless 
oil: [ajo -48.6 (c 2.11, CHCI3); R/0.15 (hexaneiEtsO, 1:2); IR (thin f i lm) 3677, 3653, 
3423, 3205, 3026, 2984, 2931, 1486, 1451, 1375, 1248, 1214, 1137, 1055, 754 cnf】； 
^H N M R 5 1.36 (3H, s), 1.55 (3H, s), 2.81 ( IH , dd, J= 13.0’ 9.8 Hz), 3.06 ( IH , ddd, 
J= 9.7，4.6, 1.2 Hz), 3.39 ( IH , dd, J= 13.1, 4.5 Hz), 3.58 ( IH , dd, J= 12.8, 2.0 Hz), 
3.75 ( IH , dd, J= 12.8, 4.9 Hz), 3.90 ( IH , d,J= 12.3 Hz), 3.99-4.02 ( IH , m), 4.09 
( IH , d, J= 12.3 Hz), 4.20 ( IH , dd, J= 7.2, 1.4 Hz), 7.28—7.39 (8H, m), 7.44-7.48 
(2H, m), 7.56-7.62 (4H, m); ^^C N M R 5 24.8 (CH3), 26.7 (CH3), 37.0 (CH2)，50.6 
(CH2), 56.6 (CH), 60.6 (CH2), 76.4 (CH), 77.8 (CH), 107.6 (C), 126.9 (CH), 127.3 
(CH), 127.4 (CH), 127.6 (CH), 128.7 (CH), 128.7 (CH), 128.8 (CH), 129.7 (CH), 
137.7 (C)，138.2 (C), 139.4 (C), 140.7 (C); MS (ESI) m/z (relative intensity) 418 
([M+H]+, 100), 419 (35)，420 (5); HRMS (ESI) calcd for C27H31NO3 [M+H]+ 
418.2377, found 418.2369. 
Amine 84. To a solution o f amine 73 (17.7 mg, 0.05 mmol) in CH2CI2 (0.7 
mL) and then triethylamine (0.03 mL, 0.22 mmol) and methanesulfonyl chloride 
(0.0085 mL, 0.11 mmol) were added under N2 at 0 °C. The reaction mixture was 
stirred at 0 °C for 1.5 h and quenched with saturated NaHCOs solution. The 
aqueous phase was extracted with Et20 (3 x 30 mL). The combined organic 
extracts were washed with brine, dried over anhydrous MgS04, and filtered. The 
filtrate was concentrated under reduced pressure and the residue was purified by 
flash chromatography (hexane:Et20, 12:1) to afford amine 73 (14.3 mg, 85%) as a 
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colorless oil: [af^ -149.3 (c 1.79，CHCI3); R/0.27 (hexane:Et20，6:1); IR (thin f i lm) 
3676, 3651, 3629, 3211, 3022, 2983, 2932, 2863, 2787, 1514, 1451, 1372, 1209, 942 
c i r f i ; ^H N M R 5 1.35 (3H � s ) , 1.65 (3H, s), 2.02 ( IH , dd, J= 11.2, 4.8 Hz), 2.31-2.36 
(4H, m), 2.92 ( IH , dd, J= 13.2, 3.7 Hz), 3.06-3.12 (2H, m), 3.20 ( IH , d, J= 13.5 
Hz), 4.22 ( IH , d, J= 13.5 Hz), 4.41 ( IH , dd, J= 6.4, 4.5 Hz), 4.53 ( IH , dd, J= 6.4, 
4.8 Hz), 7.13-7.40 (9H, m); '^C N M R 5 21.1 (CH3), 25.90 (CH3), 26.5 (CH3), 32.9 
(CH2), 57.2 (CH2), 60.0 (CH2), 70.4 (CH), 77.6 (CH), 80.5 (CH), 111.1 (C)，126.8 
(CH), 128.2 (CH), 128.6 (CH), 129.0 (CH), 129.4 (CH), 135.4 (C), 136.6 (C), 138.8 
(C); MS (ESI) m/z (relative intensity) 338 ([M+H]+, 100), 339 (26), 340 (4); HRMS 
(ESI) calcd for C22H27NO2 [M+H]+ 338.2115, found 338.2118. 
Amine 85. To a solution of amine 74 (13.0 mg, 0.0349 mmol) in CH2CI2 (0.5 
mL) and then triethylamine (0.02 mL, 0.153 mmol) and methanesulfonyl chloride 
(0.0059 mL � 0 .0767 mmol) were added under N2 at 0 °C. The reaction mixture was 
stirred at 0 °C for 1 h and quenched with saturated NaHCOs solution. The aqueous 
phase was extracted with Et〗。(3 x 30 mL). The combined organic extracts were 
washed with brine, dried over anhydrous MgS04, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20, 12:1) to afford amine 85 (10.3 mg, 83%) as a 
colorless oil; [af^ —145.7 (c 2.58，CHCI3); R/0.13 (hexaneiEtsO, 6:1); IR (thin f i lm) 
3027, 2983, 2933，2830, 2787, 1611, 1512, 1452, 1372, 1244，1036, 835 c m 、 ' H 
N M R 5 1.34 (3H, s), 1.64 (3H, s), 2.02 ( IH , dd, J= 11.2, 4.8 Hz), 2.30 ( IH , dt, J = 
10.3, 4.0 Hz), 2.89 ( IH , dd, J= 13.3，3.7 Hz), 3.02-3.09 (2H, m), 3.20 ( IH , d, J = 
13.6 Hz), 3.81 (3H, s), 4.21 ( IH , d, J= 13.6 Hz), 4.39 ( IH , dd, J-6.4，4.5 Hz), 4.52 
( IH , dd, J= 6.4, 4.7 Hz), 6.87 (2H, d, J= 8.6 Hz), 7.24—7.37 (7H, m); '^C NMR 5 
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25.9 (CHs), 26.5 (CH3), 32.4 (CH2), 55.2 (CH3), 57.1 (CH2), 60.0 (CH2), 70.4 (CH), 
77.5 (CH), 80.5 (CH), 111.0 (C), 113.6 (CH), 126.8 (CH), 128.2 (CH), 128.6 (CH), 
130.4 (CH), 131.6 (C), 138.7 (C), 157.9 (C); MS (ESI) m/z (relative intensity) 354 
([M+H]+, 100), 355 (22), 356 (4); HRMS (ESI) calcd for C22H27NO3 [M+H]+ 
342.2064, found 342.2058. 
Amine 86. To a solution of amine 75 (32.7 mg, 0.0869 mmol) in CH2CI2 (1.1 
mL) and then triethylamine (0.05 mL, 0.382 mmol) and methanesulfonyl chloride 
(0.015 mL, 0.191 mmol) were added under N2 at 0 °C. The reaction mixture was 
stirred at 0 °C for 1 h and quenched with saturated NaHCOs solution. The aqueous 
phase was extracted with EtsO (3 x 30 mL). The combined organic extracts were 
washed with brine, dried over anhydrous MgS〇4, and filtered. The filtrate was 
concentrated under reduced pressure and the residue was purified by flash 
chromatography (hexane:Et20, 12:1) to afford amine 86 (28.1 mg, 90%) as a 
colorless oil; [af^ -159.2 (c 1.82, CHCI3); R/0.17 (hexaneiEtsO, 12:1); IR (thin f i lm) 
3027, 2980. 2932, 2787, 1491, 1451, 1373, 1210, 1133, 1089, 862, 743 cm—i; ^H 
N M R 5 1.32 (3H, s), 1.61 (3H, s), 2.03 ( IH , dd, 11.2, 4.8 Hz), 2.29 ( IH , dt, J = 
10.4，4.1 Hz), 2.89 ( IH, dd, J= 13.2, 3.8 Hz), 3.01-3.08 (2H, m)，3.21 ( IH , d，/ = 
13.6 Hz)，4.16 ( IH , d，J= 13.6 Hz), 4.33 ( IH , dd, J= 6.4，4.6 Hz), 4.51 ( IH , dd, J = 
6.4, 4.7 Hz), 7.24—7.37 (9H, m); ^^C NMR 5 25.8 (CH3), 26.5 (CH3), 32.9 (CH2), 
57.1 (CH2)，59.9 (CH2), 70.1 (CH), 77.5 (CH), 80.3 (CH), 111.2 (C), 126.9 (CH), 
128.3 (CH), 128.4 (CH), 128.6 (CH), 130.9 (CH), 131.8 (C), 138.0 (C), 138.6 (C); 
MS (ESI) m/z (relative intensity) 358 ([M+H]+, 100), 359 (24), 360 (34), 361 (9); 
HRMS (ESI) calcd for C21H24NO3CI [M+H]+ 358.1568, found 358.1571. 
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Amine 87. To a solution of amine 76 (745 mg, 1.90 mmol) in CH2CI2 (25 mL) 
and then tri ethyl amine (1.16 mL, 8.37 mmol) and methanesulfonyl chloride (0.32 mL, 
4.19 mmol) were added under N2 at 0 The reaction mixture was stirred at 0 
for 1 h and quenched with saturated NaHCOs solution. The aqueous phase was 
extracted with EtgO ( 3 x 3 0 mL). The combined organic extracts were washed with 
brine, dried over anhydrous MgSC^, and filtered. The filtrate was concentrated 
under reduced pressure and the residue was purified by flash chromatography 
(hexane:Et20, 12:1) to afford amine 87 (695 mg, 98%) as a colorless oil; 
[ « ] D -153.5 (c 2.99, CHCI3); R/0.33 (hexaneiEtsO, 6:1); IR (thin f i lm) 3054, 2980, 
2932, 2787, 1601, 1449, 1372, 1271, 1209, 1131, 1093, 859, 748 cm"^; ^H N M R 5 
1.43 (3H, s), 1.78 (3H, s), 2.08 ( IH, dd, J = 11.2, 4.7 Hz), 2.49 ( IH , dt, J= 10.2, 4.0 
Hz), 3.16-3.20 (2H, m), 3.29 ( IH, d, J= 13.5 Hz), 3.36 ( IH , dd, J= 13.2, 10.2 Hz), 
4.33 ( IH , d, J= 13.5 Hz), 4.44 ( IH, dd, J= 6.3, 4.5 Hz), 4.56 ( IH , dd, J= 6.4, 4.8 
Hz), 7.34-7.61 (8H, m), 7.87—7.92 (4H, m); ^'C N M R 5 25.8 (CH3), 26.5 (CH3), 33.5 
(CH2), 57.1 (CH2), 59.9 (CH2), 70.2 (CH), 77.5 (CH), 80.4 (CH), 111.0 (C), 125.2 
(CH), 125.8 (CH), 126.8 (CH), 127.5 (CH), 127.6 (CH), 127.7 (CH)，127.7 (CH), 
128.2 (CH), 128.2 (CH), 128.5 (CH), 132.0 (C)，133.5 (C), 137.2 (C), 138.7 (C); MS 
(ESI) m/z (relative intensity) 374 ([M+H]+, 100), 375 (94)，376 (5); HRMS (ESI) 
calcd for C25H27NO2 [M+H]+ 374.2115, found 274.2121. Anal. Calcd for C27H29NO2： 
C, 81.17; H, 7.32; H, 3.51, found C, 80.24; H, 7.50; H, 3.47. 
Amine 88. To a solution of amine 77 (1.24 g, 2.98 mmol) in CH2CI2 (40 mL) 
and then triethylamine (1.8 mL, 13.1 mmol) and methanesulfonyl chloride (0.51 mL, 
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6.55 mmol) were added under N2 at 0 The reaction mixture was stirred for 1 h 
and quenched with saturated NaHCOs solution. The aqueous phase was extracted 
with Et20 (3 X 30 mL). The combined organic extracts were washed with brine, 
dried over anhydrous MgS04, and filtered. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography (hexane:Et20, 
1:1) to afford amine 88 (1.06 mg, 88%) as a white solid: mp 120-121 °C; 
[ccJD -153.6 (c 1.30, CHCI3); R/0.20 (hexaneiEtsO, 6:1); IR (thin fi lm) 3659, 3471, 
2943, 2767, 1439, 1375, 1211, 746 cm'^ 】H NMR 5 1.38 (3H, s)，1.68 (3H, s), 2.06 
( I H , dd，J= 11.1，4.7 Hz), 2.40 ( I H , dt, J= 10.2, 4.0 Hz), 3.00 ( I H , dd, J = 13.2, 3.5 
Hz), 3.12 ( IH, d, J二 11.2 Hz), 3.18 ( IH, dd, J= 13.0, 10.5 Hz), 3.24 ( IH, d, J= 13.5 
Hz), 4.25 ( IH, d, 13.5 Hz), 4.44-4.47 ( IH, m), 4.54-^.57 ( IH, m), 7.27-7.64 
(14H, m); 13c NMR 5 25.9 (CH3), 26.6 (CH3), 33.1 (CH2), 57.2 (CH2), 59.9 (CH2), 
70.2 (CH), 77.6 (CH), 80.5 (CH), 111.2 (C), 126.9 (CH), 127.0 (CH), 127.1 (CH), 
128.3 (CH), 128.6 (CH), 128.7 (CH), 130.0 (CH), 138.8 (C), 138.9 (C), 141.1 (C); 
MS (ESI) m/z (relative intensity) 400 ([M+H]+, 100), 401 (32), 402 (7); HRMS (ESI) 
calcd for C27H29NO2 [M+H]+ 400.2271, found 400.2271. 
Silyl ether 93. To a solution of diacetal 97 (57.3 mg, 0.162 mmol) in dry 
CH2CI2 (0.5 mL) was added triethylamine (0.081 mL, 0.581 mmol) at 0。C under N]. 
r-Butyldimethylsilyl trifluoromethanesulfonate (TBSOTf) (0.067 mL, 0.291 mmol) 
was added dropwise to the solution mixture at 0 °C. The solution was allowed to 
rise to room temperature and stirred for a further 21 h under N2. The reaction was 
quenched with saturated NH4CI (20 mL). The aqueous phase was extracted with 
CH2CI2 (3 X 30 mL). The combined organic extracts were dried over MgS04 and 
filtered. Concentration of the filtrate followed by flash column chromatography 
67 
(hexane:Et20, 1:1) gave silyl ether 93 (61.3 mg, 78%) as a colorless oil: R/0.53 
(hexane:EtOAc, 1:1); IR (thin f i lm) 2952, 2933, 2882, 2863, 1465，1406, 1254, 1141, 
1045, 943, 834, 775 cm'^ ^H N M R 5 0.06 (6H, s), 0.84 (9H, s), 1.58—1.74 (8H，m)， 
3.31 (2H, s), 3.79-3.87 (4H, m), 3.90-3.98 (4H, m), 4.47 (2H, s), 4.82-4.84 (2H, m), 
7.25-7.33 (5H, m); ^^C N M R 5 -2.38 (CEb), 18.5 (C), 26.0 (CH3), 26.0 (CH3), 28.2 
(CH2), 31.8 (CH2), 64.9 (CH2), 73.3 (CH2)，75.6 (CH2), 105.0 (CH), 127.5 (CH), 
127.6 (CH), 128.3 (CH), 138.3 (C); MS (ESI) m/z 489 [M+Na]+; HRMS (ESI) calcd 
for C25H42N06Si [M+Na]+ 489.2643, found 489.2642. 
Ester 96. To a solution of ethyl glycolate 95 (1.15 mg, 11.1 mmol) in MeCN 
(12 mL) were added benzyl bromide (3.9 mL. 33.2 mmol) and silver oxide (5.19 g, 
22.4 mmol) at room temperature. The reaction mixture was stirred at dark for 4 d. 
The mixture was filtered through celite and the residue was washed with EtOAc. 
Concentration of the filtrate followed by flash column chromatography (hexane:Et20, 
6:1) produced ester 96 (2.05 mg, 95%) as a colorless oil: R/0.37 (hexane:Et20, 2:1); 
IR (thin f i lm) 3693, 3649, 2987, 1750, 1544, 1458, 1203, 1127, 741 c m 、 ' H NMR 5 
1.28 (3H, t, J 二 7.2 Hz), 4.09 (2H, s), 4.22 (2H, q, J = 7.1 Hz), 4.63 (2H, s)， 
7.28-7.39 (5H, m); ^'C N M R 5 13.7 (CH3)，60.2 (CH2), 66.7 (CEb), 72.7 (CH2)， 
127.4 (CH), 127.5 (CH), 127.9 (CH), 136.8 (C), 169.7 (C); MS (ESI) m/z (relative 
intensity) 217 ([M+Na]+, 100); HRMS (ESI) calcd for C11H14O3 [M+Na]+ 217.0835, 
found 217.0833. 
Diacetal 97. To a suspension of magnesium powder (1.75 g, 72.2 mmol) in 
THF (3 mL) was added 1,2-dibromoethane (0.03 mL, 0.401 mmol) and the mixture 
was stirred at room temperature for 15 min. A solution of 
68 
2-(2-bromethyI)-l ,3-dioxolane (2.8 mL, 24.0 mmol) was added dropwise to the 
mixture at a rate to maintain a gentle reflux of the THF. After the addition of the 
2-(2-bromethyl)-1,3-dioxolane solution, the mixture was heated under reflux for 2 h. 
Then the reaction mixture was cooled down to 0。C and a solution of ester 96 (779 
mg, 4.01 mmol) was added and stirring was continued for 24 h. Saturated NH4CI 
solution (10 mL) was added to the reaction mixture at 0 °C. The aqueous layer was 
extracted with EtOAc (4 x 100 mL). The combined organic extracts were dried 
over MgS04 and filtered. The filtrate was concentrated under reduced pressure and 
purified by flash column chromatography (EtOAc) to afford diacetal 97 (1.34 g, 95%) 
as a colorless oil: Ry 0.20 (hexane:EtOAc, 1:1); IR (thin f i lm) 3508, 3028, 2939, 
2872, 1734, 1649, 1455，1103, 743 cm-】； 】HNMR5 1.58-1.76 (8H, m), 2.70 ( IH, br 
s), 3.32 (2H, s), 2.54 ( IH, s), 3.82-3.88 (4H, m)，3.91-3.97 (4H, m), 4.53 (2H, s), 
4.87 (2H, t,J=4 Hz), 7.27—7.36 (5H, m); ^^ C NMR 5 27.7 (CH2), 30.6 (CH2), 64.8 
(CH2), 72.7 (C), 73.4 (CH2), 75.1 (CH2), 104.5 (CH), 127.6 (CH), 127.6 (CH), 128.3 
(CH), 138.1 (C); MS (ESI) m/z (relative intensity) 375 ([M+Na]+，100); HRMS (ESI) 
calcd for C19H28O6 [M+Na]+ 375.1778, found 375.1777. 
Homoallylic alcohol 106. To a suspension of magnesium powder (1.35 g, 
55.7 mmol) in THF (15 mL) was added 1,2-dibromoethane (0.03 mL, 0.309 mmol) 
and the mixture was stirred at room temperature for 15 min. A solution of butenyl 
bromide (1.9 mL, 18.6 mmol) was added dropwise to the mixture at a rate to 
maintain a gentle reflux of the THF. After the addition of the butenyl bromide 
solution, the mixture was heated under reflux for 2 h. Then the reaction mixture 
was cooled down to 0 °C and a solution of ethyl formate (0.25 mL, 3.09 mmol) was 
added and stirring was continued for 21 h. Saturated NH4CI solution (10 mL) was 
added to the reaction mixture at 0 °C. The reaction mixture was extracted with 
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EtOAc (4 X 100 mL). The combined organic extracts were dried over MgS04 and 
filtered. The filtrate was concentrated under reduced pressure and the residue was 
purified by flash column chromatography (hexane:Et20, 3:1) to afford alcohol 106 
(366 mg, 84%) as a colorless oil: R/0.33 (hexaneiEtsO, 1:1); IR (thin fi lm) 3526, 
3339, 3077, 2928, 2851, 1697, 1643, 1451, 910 cm-^ ^H NMR 5 1.46-1.55 (4H, m), 
1.98 ( IH, br s), 2.06-2.21 (4H, m), 3.59-3.62 ( IH, m), 4.94 (2H, ddt, J= 1.3，3.2, 
10.2 Hz), 5.01 (2H, ddt, J = 1.6，3.5，17.1 Hz), 5.75-5.86 (2H, m); ^^C NMR 5 30.0 
(CH2)，36.4 (CH2)，70.8 (CH), 114.7 (CEb)，138.5 (CH); MS (ESI) m/z (relative 
intensity) 141 ([M+H]+ 100); HRMS (ESI) calcd for C9H16O [M+H] . 141.1274, 
found 141.1274. 
Silyl ether 109. A solution of the alcohol 106 (53.0 mg, 0.378 mmol), 
imidazole (206 mg, 3.02 mmol) and tert-h\xty\ dimethyl silyl chloride (TBDMSCl) 
(228 mg, 1.51 mmol) in dry DMF (0.5 mL) was stirred at room temperature for 2 h. 
The mixture was quenched with saturated NaHCOs (30 mL) solution and the 
aqueous phase was extracted with CH2CI2 (3 x 100 mL). The combined organic 
extracts were washed with brine, dried over anhydrous MgS04, and filtered. The 
filtrate was concentrated under reduced pressure and the residue was purified by 
flash chromatography (hexane) to afford silyl ether 109 (91.1 g, 95%) as a colorless 
oil: R/0.50 (hexaneiCHsCb, 1:8); IR (thin film) 3338，3113, 2930, 2707, 1697, 
1517, 834 cm''; ^H NMR 6 0.06 (6H, s), 0.90 (9H, s), 1.51-1.57 (4H, m), 
2.04-2.17 (4H, m)，3.68-3.73 ( IH, m)，4.93-4.96 (2H, m), 4.99-5.04 (2H, m), 
5.77-5.87 (2H, m); ^^ C NMR 5 -4.33 (CH3), 18.2 (C), 26.0 (CH3)，29.6 (CH2)，36.3 
(CH2), 71.3 (CH), 114.3 (CH2)，139.0 (CH); MS (ESI) m/z (relative intensity) 255 
([M+H]+, 100); HRMS (ESI) calcd for CisHsoOSi [M+H] . 255.2139, found 
255.2134. 
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Dienal 110. To a solution of the sily ether 109 (92.3 mg, 0.363 mmol) in a dry 
CH2CI2 (4 mL) was added crotonaldehyde (0.09 mL, 1.09 mmol) and generation 
Grubbs catalyst (15.4 mg, 0.0181 mmol). The resultant mixture was heated under 
reflux for 5 h. The reaction mixture was concentrated under reduced pressure and 
the crude residue was directly purified by flash chromatography (hexane :EtOAc, 3:1) 
to afford dienal 110 (90 mg, 80%) as a pale yellow oil: R/ 0.33 (hexane :EtOAc, 3:1); 
IR (thin f i lm) 2934，2857, 2816, 2734, 1691，1638, 1255, 1134, 1094, 975, 838, 777 
cm-i; 1h N M R 5 0.06 (6H, s), 0.89 (9H, s), 1.64-1.69 (4H, m), 2.31-2.45 (4H, m), 
3.76-3.82 ( IH , m), 6.12 (2H, d c l t � 1 5 . 6 , 7.84, 1.48 IIz), 6.86 (2H, dt, J= 15.6, 
6.64 Hz), 9.51 (2H, d, J= 7.84 NMR 5 -4.41 (CH3), 18.0 (C), 25.8 (CH3), 
28.3 (CH2), 34.8 (CH2), 70.5 (CH), 133.0 (CH), 158.2 (CH), 193.8 (CH); MS (ESI) 
m/z (relative intensity) 333 ([M+Na]+，100); HRMS (ESI) calcd for CnHsoOsSi 
[M+Na]+ 333.1856，found 333.1857. 
Alcohol 111. To a suspension of magnesium powder (430 mg, 17.7 mmol) in 
THF (10 mL) was added 1,2-dibromoethane (0.0085 mL, 0.0982 mmol) and the 
mixture was stirred at room temperature for 15 min. A solution of butenyl bromide 
(0.60 mL, 5.89 mmol) was added drop wise to the mixture at a rate to maintain a 
gentle reflux of the THF. After the addition of the butenyl bromide solution, the 
mixture was heated under reflux for 2 h. Then the reaction mixture was cooled 
down to 0 °C and a solution of ester 95 (189 mg, 0.972 mmol) was added and stirring 
was continued for 24 h. Saturated NH4CI solution (10 mL) was added to the 
reaction mixture at 0 °C. The reaction mixture was extracted wi th EtOAc (4 x 100 
mL). The combined organic extracts were dried over MgS04 and filtered. The 
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filtrate was concentrated under reduced pressure and the residue was purified by 
flash column chromatography (hexane:Et20, 4:1) to afford alcohol 111 (241 mg, 95%) 
as a colorless oil: R/0.33 (hexaneiEtsO, 4:1); IR (thin f i lm) 3747, 3331, 3073, 2932, 
2862, 1642, 1451, 1098，997，912, 744 c m 、 ^ H N M R 5 1.59-1.63 (4H, m)， 
2.04-2.11 (4H, m), 2.25 ( IH, br s), 3.35 (2H, s), 4.55 (2H, s), 4.93-4.97 (2H, m), 
5.00—5.05 (2H, m), 5.77-5.88 (2H, m); ^^C NMR 5 27.9 (CH�)，35.7 (CH2), 73.5 
(CH2), 73.7 (C)’ 75.3 (CH2), 114.4 (CH2)，127.7 (CH), 127.8 (CH), 128.5 (CH), 
138.1 (C), 138.8 (CH); MS (ESI) m/z (relative intensity) 283 ([M+Na]+, 100); HRMS 
(ESI) calcd for CiyHsiOsi [ M + N a f 283.1669, found 283.1670. 
Diol 113. To a suspension of magnesium powder (3.85 g, 158 mmol) in THF 
(53 mL) was added 1,2-dibromoethane (0.05 mL, 0.528 mmol) and the mixture was 
stirred at room temperature for 15 min. A solution of butenyl bromide (5.40 mL, 
52.8 mmol) was added dropwise to the mixture at a rate to maintain a gentle reflux of 
the THF. After the addition of the butenyl bromide solution, the mixture was heated 
under reflux for 2 h. Then the reaction mixture was cooled down to 0。C and a 
solution of ethyl glycolate 95 (0.5 mL, 5.28 mmol) was added and stirring was 
continued for 24 h. Saturated NH4CI solution (10 mL) was added to the reaction 
mixture at 0 °C. The reaction mixture was extracted with EtOAc (4 x 100 mL). 
The combined organic extracts were dried over MgS04 and filtered. The filtrate 
was concentrated under reduced pressure and the residue was purified by flash 
column chromatography (hexane:EtOAc, 3:1) to afford diol 113 (629 mg, 70%) as 
a colorless oil: R/0.37 (hexane:EtOAc, 1:1); IR (thin f i lm) 3381, 3076, 2937, 2865, 
1642，1448, 1060, 998, 911 cm''; ^H NMR 5 1.55—1.60 (4H, m), 2.05-2.10 (4H, m), 
2.33 ( IH, br s), 2.54 ( IH, br s), 3.46 (2H, s), 4.94—5.06 (4H, m), 5.77-5.87 (2H, m); 
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"c NMR 5 27.8 (CH2), 34.9 (CH2), 67.8 (CH2), 74.6 (C), 114.7 (CH2), 138.5 (CH); 
MS (ESI) m/z (relative intensity) 193 ([M+Na]+, 100); HRMS (ESI) calcd for 
C10H10O2 [M+Na]+ 193.1199, found 193.1198. 
Diene 114. 2,2-dimethoxypropane (16 mL, 132 mmol) and TsOH (90.9 mg, 
0.528 mmol) were added to diol 113 (629 mg, 3.70 mmol) at room temperature. 
The resultant solution was stirred at room temperature for another 1.5 h. The 
reaction was quenched by dropwise addition of EtsN until pH〜8 (test by pH paper). 
Concentration of the filtrate followed by flash chromatography (hexane:Et20, 10:1) 
yielded diene 114 (552 mg, 71%) as a colorless oil: R/0.33 (hexaneiEtsO, 10:1); IR 
(thin f i lm) 3076, 2984, 2938, 2865, 1642, 1450, 1373, 1251, 1212, 1062，991’ 870 
cm-i; ^H N M R 5 1.39 (6H, s), 1.59-1.74 (4H, m), 2.02-2.15 (4H, m), 3.76 (2H � s) , 
4.93-4.97 (2H, m), 5.00-5.06 (2H, m), 5.77-5.87 (2H, m); ^^C N M R 5 27.1 (CH3), 
28.5 (CH2), 36.5 (CH2), 72.8 (CH2)，83.0 (C), 109.0 (C), 114.6 (CH2), 138.4 (CH); 
MS (ESI) m/z (relative intensity) 211 ([M+H]+, 100); HRMS (ESI) calcd for 
C13H22O2 [M+H]+ 211.1693, found 211.1694. 
Dienal 115. To a solution of the diene 114 (100 mg, 0.475 mmol) in a dry 
CH2CI2 (6 mL) was added crotonaldehyde (0.12 mL, 1.43 mmol) and generation 
Grubbs catalyst (20.2 mg, 0.00238 mmol). The resultant mixture was heated under 
reflux for 24 h. The reaction mixture was concentrated under reduced pressure and 
the crude residue was directly purified by flash chromatography (hexane:EtOAc, 1:1) 
to afford dienal 115 (69.4 mg, 55%) as a pale yellow oil: R/ 0.20 (hexane:EtOAc, 
2:1); IR (thin f i lm) 2986，2936, 2867, 2818, 2734, 1688, 1639, 1374，1057，978, 871 
cm、^H N M R 5 1.40 (6H, s), 1.78 (4H, t , 8 . 3 Hz), 2.32-2.50 (4H, m), 3.82 (2H, 
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s)，6.14 (2H，ddt, J = 15.6, 7.8，1.4 Hz), 6.86 (2H, dt, J二 15.6, 6.6 Hz), 9.51 (2H, d, J 
=7.8 Hz); "c NMR 5 27.0 (CH3), 27.4 (CH2), 35.4 (CH2), 72.4 (CH2), 82.0 (C), 
109.8 (C)，133.1 (CH), 157.4 (CH), 193.8 (CH); MS (ESI) m/z (relative intensity) 
289 ([M+Na]+, 100); HRMS (ESI) calcd for C15H22O4 [M+Na]+ 289.1410, found 
289.1407. 
Dienol 123. To a solution of the anime 54 (9.3 mg, 0.04 mmol) and 
o-N02-benzoic acid (6.7 mg, 0.04 mmol) in a CHCI3 (0.5 mL) was added dienal 110 
(62.4 mg, 0.201 mmol) in CHCI3 (1.5 mL) at room temperature and stirred at same 
temperature for 20 h until the disappearance of the starting material as shown on 
TLC. The reaction mixture was filtered though a thin pad o f silica gel and the 
filtrate was concentrated under reduced pressure. The residue was redissolved in 
EtOH (2 mL) and NaBH4 (6.3 mg, 0.168 mmol) was added to crude product at 0 °C 
for 1 h. The mixture was quenched with saturated NH4CI solution and the aqueous 
phase was extracted with EtOAc ( 3 x 1 0 mL). The combined organic extracts were 
dried over anhydrous MgS04, and filtered. The filtrate was concentrated under 
reduced pressure and the residue was purified by flash chromatography 
(hexane:EtOAc, 10:1) gave dienol 123 (6.4 mg, 11%) as a colorless oil: R , 0.40 
(hexane-.EtOAc, 3:1); IR (thin f i lm) 3357, 3028，2928, 2857，1464，1367, 1252, 1105, 
1037，835，773 cm—i; ^H N M R 5 0.02-0.03 (6H, m), 0.87 (9H, s), 1.35-1.50 (2H, m), 
1.62-1.83 (5H, m), 1.99-2.07 ( IH , m)，2.48-2.56 (IH，m), 4.08-4.09 ( IH, m)， 
4.18-^.26 (2H, m)，5.58 ( IH , J = 7.0 Hz), 5.59-5.94 (2H, m); ^^C N M R (MeOD) 
5 -4.73 (CH3), 18.9 (C), 23.9 (CH2), 26.3 (CH3), 34.9 (CH2), 35.2 (CH), 41.1 (CH2), 
42.4 (CH), 63.8 (CH2), 68.5 (CH), 121.8 (CH), 125.2 (CH), 133.8 (CH), 142.6 (C); 
MS (EI) m/z (relative intensity) 294 ([M]+, 100); HRMS (EI) calcd for CnHgoOsSi 
[M]+ 294.2010, found 294.2009. 
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Dienol 125. To a solution of the anime 54 (6.8 mg, 0.029 mmol) and 
o-N02-benzoic acid (4.9 mg, 0.029 mmol) in a CHCI3 (0.5 mL) was added dienal 115 
(39.4 mg, 0.148 mmol) in CHCI3 (1 mL) at room temperature and stirred at same 
temperature for 9 h until the disappearance of the starting material as shown on TLC. 
The reaction mixture was filtered though a thin pad of silica gel and the filtrate was 
concentrated under reduced pressure. The residue was redissolved in EtOH (1.5 
mL) and NaBH4 (6.3 mg, 0.168 mmol) was added to crude product at 0 °C for 1 h. 
The mixture was quenched with saturated NH4CI solution and the aqueous phase was 
extracted with EtOAc ( 3 x 1 0 mL). The combined organic extracts were dried over 
anhydrous MgS04, and filtered. The filtrate was concentrated under reduced 
pressure and the residue was purified by flash chromatography (hexane:EtOAc, 5:1) 
gave dienol 125 (5.9 mg, 16%) as a white solid: mp 61-62 °C; R/ 0.26 
(hexane:EtOAc, 4:1); IR (thin f i lm) 3284, 3025, 2983, 2918, 2857, 1437, 1374, 1257, 
1206, 1164, 1049, 1001, 874, 713 cm'^ ^H NMR 5 1.38 (6H, s)，1.59-1.70 (3H, m)， 
1.85-1.92 (2H, m), 1.99-2.06 (2H, m)，2.43-2.51 ( IH, m), 3.74 (2H, s), 4.174.26 
(2H, m), 5.58-5.61 ( IH, m), 5.93-5.95 (2H，m); ^'C NMR 5 24.5 (CH2)，27.4 (CH3), 
27.5 (CH3)，36.1 (CH2), 36.2 (CH), 40.5 (CH), 41.9 (CH2), 64.1 (CH2)，74.8 (CH2), 
80.5 (C), 109.4 (C), 121.4 (CH), 124.1 (CH), 132.9 (CH), 141.1 (C); MS (EI) m/z 
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Appendix 
I HPLC chromatogram 
I - l HPLC chromatogram of dienol 123 82 
I-2 HPLC chromatogram of dienol 125 83 
I I N M R spectra 
II-1 Amine 54 84 
II-2 Amine 55 86 
II-3 Amine 56 88 
II-4 Amine 57 90 
II-5 Amine 58 92 
11-6 Amine 59 94 
II-7 Diol 63 96 
II-8 Diol 64 98 
II-9 Diol 67 100 
11-10 Amine 68 102 
11-11 Amine 69 刚 
11-12 Amine 70 106 
11-13 Imine 71 108 
11-14 Amine 72 110 
11-15 Amine 73 112 
11-16 Amine 74 114 
11-17 Amine 75 116 
11-18 Amine 76 I IS 
11-19 Amine 77 120 
11-20 Amine 84 122 
11-21 Amine 85 124 
11-22 Amine 86 126 
11-23 Amine 87 128 
11-24 Amine 88 130 
11-25 Silyl ether 93 132 
11-26 Ester 96 134 
11-27 Diacetal 97 136 
11-28 Homoallylic alcohol 106 138 
11-29 Silyl ether 109 140 
11-30 Dienal 110 142 
80 
11-31 Alcohol 111 144 
11-32 Diol 113 146 
11-33 Diene 114 148 
11-34 Dienal 115 150 
11-35 Dienol 123 152 
11-36 Dienol 125 154 





123 (Table 7, Entry 12) 
HPLC-Condition: Column: Chiralcel OD-H’ Chiral Technologies, Inc. 
Eluent: Hexane/2-propanol (99/1); Flow rate: 0.70 ml/min; 
Detection: UV 254nm 
Racemic cycloadduct 
mAU 1 $ S 
. h A 
‘ 1 1 1 1 1 1 
-10 12 10 LB 
Peak RetTime Type Width Area Height Area 
# [min] [min] mAU *s [mAU ) ^ ——I 1——-I 1 I ！ I 
1 14 .550 BB 0.4878 349.54221 11-42980 ^9.7626 
2 16.304 BB 0.4942 352.87723 11.24769 50.2374 
Chiral cycloadduct 
v^^ U 1 旨 
1 fl 4G0- I 
3C0- j 
• I ： 
2 0 0 -
1C0- / 1 
； I \ X 
0 -
• 1 II •—I 1 1 ‘ 丨 > 
� C 1A 16 ie min 
Peak RetTime Type Width Area Height Area 
If [min] [mini mAU imAU ] 毛 
1 I-—) 1 I 1 丨 
1 . 632 BB 0.5321 1.75390e4 533.4^ 531 95.3607 




M n ^ V 
H - 、 八 
125 (Table 8, Entry 1) 
HPLC-Condition: Column: Chiralcel OD-H, Chiral Technologies, Inc. 
Eluent: Hexane/2-propanol (99/1); Flow rate: 0.70 ml/min; 
Detection: UV 254nm 
Racemic cydoadduct 
MAU -I 5 ^ 
i\ A 
i LA 
0-__,_,_,_,_-T , ~ ~ , ~ , I ~ , ~ ~ , ~ . ~ ~ . I . I~.~~.~I~I 1~‘~I~I~I 1 ~‘ I ~ I 
30 JO 45 50 5b mm 
P e a k R e t T i m e T y p e W i d t h A r e a H e i g h t A r e a 
# [min] [min] m A U *s ImAU ] % 
——I I ——1 1 I I I 
1 4 2 . 1 4 4 BP 2 . 4 0 8 9 1 . 7 6 9 1 6 e 4 1 1 1 . 2 2 8 1 3 5 0 . 1 3 7 9 
2 5 5 . 0 7 4 BB 2 . 6503 1 . 7 5 9 4 3 e 4 1 0 1 . 9 9 3 9 8 4 9 . 8 6 2 1 
Chiral cydoadduct 
NV^U 1 S 
300- I 
250-
2 0 0 -
150-
100- 1 
1 J i • 人 — 
‘ r—-1 1 1 1 1 1-~• 1 1 1 1 1 1 1 -—I I ' l l 1 ‘ I 30 35 40 <5 50 55 MIN 
Peak R e t T i m e Type Width Area Height Area 
# [min] [min] mAU *s [mAU ] % 
-—I I----I 1 I I 丨 
1 41.062 PB 1.1650 2.52116e4 343.49353 91.2276 
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